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THE INDIAN ROLLER ^ CORACIAS INDICA i 


SOME COMMON INDIAN BIRDS. 

No. 1. THE INDIAN ROLLER (CORAVIAS INDICA). 


BY 

T. BAINBRIGGE PT.ETCHER, R.N., F.L.S., F.E.S., F.Z.S., 

Imperial Entomologist, 

AND 

C. M. INGLIS, M.B.O.U, 

[The importance of many common birds to agriculture in India 
is admittedly very great. Some birds are wholly or partially grami- 
nivorous and do a great deal of damage to crops, whilst others feed 
wholly or partly on insects and are in most cases beneficial by helping 
to reduce damage caused by insect pests. Many years ago I sug- 
gested that the recognition of the more important birds, from the 
agricultural view-point, might be helped by the issue of a series 
of coloured plates of such birds, but the difficulty has been to 
get such plates drawn, as work of this sort requires an artist who 
is also an ornithologist ; otherwise, the work produced is unnatural. 
We have therefore been fortunate in securing the services of Mr. 
C. M. Inglis to provide coloured illustrations of about two dozen 
of our commoner birds. The present paper will, it is hoped, be 
followed at regular intervals by others in the same series. — ^T. B, F.] 

The Indian Roller or Blue Jay {Coracias indica) is one of the 
birds of the Plains which must have brought itself to the notice of 

( 1 ) 1 
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all if merely on account of its vivid colouring, which has been aptly 
described as a study in Oxford and Cambridge blue. Although 
commonly called a jay, this bird is more nearly allied to the bee- 
eaters and kingfishers, its relationship to the latter group being 
evidenced, as recorded by Gordon Dalgliesh, by the fact that it has 
been seen to plunge into the water like a kingfisher, this most 
unusual occurrence indicating an afl&nity to the kingfisher in habits, 
especially to the white-breasted species which is practically an 
insect-feeder. As a matter of fact, G. indica belongs to the group 
of rollers, so called because of the extraordinary aerial gymnastics 
indulged in by these birds, as may be seen especially during the 
early part of the hot iveather, when courtship takes place. 

The Indian Rollei- occurs throughout the Plains of India and 
Ceylon, neither ascending the Hills nor occurring in areas of desert 
or thick jungle. Calcutta seems to be about its eastern limit of 
occurrence and East of that it is replaced by the Burmese species, 
Coradas affinis, which is slightly larger and much darker, with a 
lighter tail which lacks the purple band at the tip which sets off so 
well the tail of the Indian Roller. In the Duars both species have 
been got and where they meet they hybridize freely. In Northern 
India a third speches of Roller, Goracias garrula, which is a migrant 
from Africa and Europe, also occurs and may be distinguished by 
its lower parts being pale blue throughout, whereas in the Indian 
and Burmese Rollers, the lower parts are only blue in part. There 
is also a forest species, Eurystomus orientalis, the Broad-billed 
Roller, with a red bill and legs ; this is a rather silent bird and 
exceedingly wary and frequeivtly nests in non-accessible holes in 
large Simul {Bombax mcdabaricum) trees. 

Where it does occur, the Indian Roller is usually found com- 
monly and is not a bird which can be overlooked when on the wing, 
as its brilliant blue colours are then displayed to advantage. When 
at rest upon a branch or telegraph wire, however, this bird is by no 
means conspicuous, as the wings are then closed and the colours 
are not very evident. Its usual habit is to sit on any conveirient 
perch and watch patiently until some desirable prey comes into 
sight, when it flies down, secures its quarry, which is always 
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swallowed whole, and returns to its perch. Ordinarily it appears 
to be a decidedly sluggish bird, sitting for hours on the same perch, 
occasionally jerking its tail and emitting a sharp harsh “ Tjock.” 
At the breeding season, which occurs in Bihar from March to the end 
of June, and as early as January in Ceylon, these birds, however, 
become more active and vociferous, their harsh, staccato gutturals 
being evidently pleasing to the opposite sex. It is at this time 
also that they indulge in the weird evolutions which have earned 
these birds the title of Rollers. As both sexes wear the same livery 
it is difficult to tell which is which, but two birds may often be seen 
sitting side by side on some exposed perch at this season of the year 
and uttering a sort of chuckling sound. One of them, presumably 
the cock bird, then flies off and up into the air to a considerable 
height whence he descends in a regular “ nose-glide,” displaying 
his vivid colours and uttering short harsh screams all the while, 
ultimately returning to perch beside his noate. 

The nest is placed in a hole in a tree or building and is generally 
lined with a varying amount of vegetable fibre, grass, a few feathers 
or some old rags, but the lining is often omitted altogether. Four, 
or sometimes five, glossy -white eggs are laid. The young are quite 
naked at first, but, later on, when the feathers have grown, are 
marked with vivid blue like their parents. Mr. Aitken considered 
the parent birds very wary and the nests difficult to discover, but 
in Bihar at any rate tliis is not the case, it being one of the easiest 
nests to find, the birds continually chasing away any intruders that 
come near the nesting site. 

Besides being an ornament to any landscape, the Indian Roller 
is an extremely useful bird, as its food consists almost entirely of 
large insects, such as grasshoppers, crickets and beetles, varied 
by an occasional small mouse, frog or snake. One kept by Mr. 
Finn even digested a toad, which must have been a very “ tasty ” 
morsel. The late C. W. Mason examined the stomachs of eighteen 
birds between January and October at Pusa and found^ that 
of 412 insects taken by these birds, only 4 were beneficial, 111 were 


^ Menu Dept, Agrio, India, EnU, Ser., vol. Ill, pp. 166-169. 
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injurious and 297 neutral. Of the injurious insects taken 62 were 
grasshoppers, 18 crickets and 23 caterpillars, mostly cutworms, so 
that the good done by the destruction of these injurious insects far 
more than counterbalances the fact that a very few beneficial insects 
were taken. 

It is therefore unfortunate that the Roller’s brilliant plumage 
should frequently lead to its being shot by Europeans, especially 
in the neighbourhood of military (lantonments, for the sake of its 
wings. According to the late 0. W. Mason, “ being one of our 
common species of birds, and the gaudy colour very striking to 
any one new to the Country, numbers of these birds are shot by 
Europeans in order to send one or two wings home, and they are 
sent home not declared, or falsely declared. From what I have 
seen, I do not imagine that more than one out of six pairs of wings 
ever sees the destination for which they were originally obtained. 
Some specimens are not good enough, while others are put away, 
forgotten, and eventually thrown away.” It should therefore be 
noted that the Indian Roller is protected, under the Wild Birds 
and Animals Protection Act, throughout the whole year in Bihar 
and Orissa and in Delhi. In view of its beneficial activities to the 
Indian raiyat, it is to be hoped that the numbers of this bird will not 
be allowed to diminish throughout the area of its occurrence. 

This bird is sacred to Siva and it is said they are liberated 
during the Durga Pujah. 

Falconers fly the Red-headed Merlin {Msalon chicqwra) at this 
bird. Jerdon says " it is often baulked by the extraordinary evo- 
lutions of the Roller who now darts off obliquely, then tumbles 
down perpendicularly, screaming all the time, and endeavouring 
to gain the shelter of the nearest tree or grove.” 



SOME LABOUR-SAVING DEVICES IN 
PLANT-BREEDING. 


BY 

ALBERT HOWARD, G. L. C. HOWARD, M.A., 

AND 

Imperial Economic Botanist : Second Imperial Economic Botanist. 

The investigator concerned with the improvement of crops is 
constantly liable to the danger of being overwhelmed by detail. 
Cultures multiply rapidly, the number of samples of seed mvolved 
soon runs into thousands and it is neces.sary to record every year a 
considerable amount of detail. To be of any value the work must 
be accurate and the experimental error must be reduced to the 
lowest limit. As long as the crops are in the ground, if the danger 
of cross-fertilization is avoided, no particular harm can occur. The 
moment, however, a culture is harvested many things are possible. 
Between reaping and sowing, any plant or any scries of plants have 
to be handled a good many times, the seed has to be examined and 
afterwards stored till planting time comes round again. If the 
investigator aims at the personal supervision of all essential details, 
it is obvious that he must utilize every possible device which saves 
time and fatigue and which also prevents mistakes. The present 
paper deals with some of the methods employed in the Botanical 
Area at Pusa in dealing with the numerous cultures involved in the 
plant-breeding work. As correspondents and visitors have fre- 
quently asked for information on these matters, it is considered that 
a brief account of some of the labour-saving devices in use may 
prove to be of general interest. 

The prevention op crossing. 

A combination of hig^bi temperature and high humidity reduces- 
very .considerably, the value.^p£ the. perforated.parchmenfe^Jbag. da- 

I 6 ) 
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India foi the exclusion of foreign pollen. The amount of seed set 
under these conditions is often small, the bags have to be moved 
constantly to allow for growth, while accidents due to wind and rain 
are frequent. Far better results are obtained with infinitely less 
labour and risk by the use of the cylindrical muslin cover illustrated 
in Plate I. They are made of three bamboo rings which are covered 
by the ordhiary muslin of the bazaar. For most purposes the total 
length need not exceed 30 inches and a diameter of 13 inches is 
convenient. These completely enclose small plants like linseed or 
gram. For taller plants like tobacco, the inflorescence only need be 
covered. In cases of very tall plants like jute {Corckorm capsularis, L.) 
or patwa {Hibiscus cannabinus, L.), which bear flowers on a 
large portion of the stem, much longer covers are desirable which 
allow for growth and which are best attached soon after flowering 
begins. These muslin covers are easily washed after use, they last 
for two seasons and are easily stored. No cases of cross-fertilization 
have been detected through their use. 

The handling op single plants. 

Both in investigations on the inheritance of characters and in 
selection work, the seed of numerous single plaihs has to be harvested 
and rigidly kept separate. Frequently, when the seed is saved, it is 
still too moist for examination and storage and one of the difliculties 
is to dry and keep separate these large collections of damp seed 
while at the same time preventing any admixture or loss. 

Drying boxes, 5' by 3' and 5" deep, the frames of which are 
made of I" sal wood with wire netting (|" mesh) above and below, 
are used for each set of cultures. These boxes are provided with 
hinged lids and snap locks, two pieces of bar iron support the 
wire netting aides and thin galvanized wires are stretched across 
the frames inside the box to prevent the bags slipping about while 
the seed is drying. When the seed of any particular set of single 
plants has to be saved, the bags are placed at once in one or more 
of these drying boxes, the box is labelled and the lock closed. The 
locked boxes are placed out in the sun every day till an opport unit y 
occurs for the examination and storage of their contents. By this 
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means, personal supervision is only necessary at the collection, 
examination and storage of the samples. The rest is routine under 
conditions where no mistakes are possible. No time is lost in 
sorting the samples which would occur if several sets of loose seed 
bags were dried together. 

After threshing, the seed of sirgle plants has to be stored and 
it is often desirable to keep them together in sets. The seed envelopes 
of strong tough grey paper, known as the Girdwood post- 
sample bag,* have proved exceedingly useful for this purpose and 
they last for many years. Tlxey are 5" by 21" in size and are closed 
by a push-in flap which is very effective and which will stand frequent 
handling. No separate labels are jxeeded as the culture numbers 
are written on the outside of tlxe envelope. For examining the seed 
of single p’ants and for traus^'erring it to an.d from these envelopes 
the flat triangular grain scoops used by corn, merchents save much 
time. Besides their use foi’ storage, these seed enxvelopes are very 
oonvenient in. other ways such as the despatch of small samples of 
seed to and from correspondents. It is not unusual in India to 
send small samples of seed sewn up in pieces of cotton cloth or to 
despatch several kinds in ordinary thin letter envelopes enclosed 
in an outer envelope. In the first case, they frequently arrive with 
the labels tom and the place of origin, lost. In the second case, 
the thin paper generally bursts in the post and the samples arrive 
all mixed together in the outer envelope. It saves a great deal of 
time and trouble to all concerned if empty seed envelopes arc 
enclosed when writing for seed. 

Variety trials. 

The difficulties to be overcome in the trial of varieties and in 
the interpretation of the results are well known. Such difficulties 
are by no means confined to the arrangement of the field plots but 
are eixcountered at other stages of the work. As in the case of 
single plants, it is equally essential in dealing with large cultures to 
ensure that no accidents, or mistakes occur between reaping and 

* These seed envelopes aie manufactured by Messrs. Blake & Maokeneie, Ltd., laUnglon 
Liverpool^ England. 
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threshing and between threshing and storage. After reaping, it is 
often necessary for the crop to dry for a day or two before threshing 
can be carried out and further drying is necessary before the grain is 
stored. Admixture and theft are almost bound to occur at all 
stages unless special precautions are taken. 

In conducting variety trials in the Botanical Area at Pusa, a large 
wire netting drying house, provided with a slightly raised brick 
floor, has been in use for some years and has been found of great 
assistance. The plots are reaped and immediately transferred to 
the drying house where the produce is allowed to dry under lock 
and key till threshed. This building is provided with sufiicient 
floor space for two large plots with a vacant place between, across 
which a sheet can be stretched to prevent any admixture. There 
are large sliding doors at either end so as to admit of the easy entry 
and removal of produce. The floor of the drying house at Pusa is 
60' by 25', the height to the ridge is 18', to the eaves 12'. The 
sliding doors are 8' by 9'. The wire netting used is mesh and is 
supported by angle and bar iron at suitable distances. 

The chief point in threshing experimental plots is speed. The 
whole process, including separation and weighing, should be com- 
pleted in one shift and nothing should remain lying about at night. 
This is a powerful argument in favour of reducing the size of the 
plots as far as is agriculturally expedient. For threshing purposes 
a small machine driven by a bullock gear is employed. After 
Weighing, the grain is dried for a day on strong sheets in the drying 
house before storage. If a good labour force is concentrated on 
threshing and separating, the work is got through very rapidly with 
the minimum of time and trouble in supervision. Such attention 
is obviously necessary as there is little purpose in laying out elaborate 
field experiments of this kind on paper and then leaving such 
essential matters as the actual determination of the yield to chance. 
In such work, principles and procedure must closely correspond. 

1 

The STORAGE OF SEED. • 

- .The question of seed storage in connection with plant-breeding 
work is important. It is necessary, not only to keep seed during 
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the rainy season but also to preserve tbe germination capacity for 
several years, so that any particular culture of a series may be 
repeated whenever required. The method adopted at Pusa is to 
dry the seed thoroughly in the sun and to put it away immediately 
in air-tight seed bins. Insecticides like naphthalene and carbon 
bisulphide lia ve been found to be unnecessary as the pests of stored 
grain are unable to attack dry seeds under these conditions and even 
if a few of these insects are sealed up with the produce no damage 
occurs. 

The seed bins are, in principle, nothing more than the ordinary 
earthen kothis used by the people but they are made of the thin 
sheet iron ordinarily purchasable in any bazaar. They were designed 
for Pusa by Mr. S. A. S. Buntiirg, formerly Agricultural Ei’gineer 
in the United Provinces. The essential structural details are sliown 
in the figure below. The bins are cylindrical in shape, 36 inches high 



and 1 8 inches in diameter. The method of constructing the lid is 
indicated at A and the details of the floor at B. The lid has to be 
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pressed in firmly after tfie method often employed in tin canisters. 
To render the longitudinal seam air-tight, the thin sheet iron is folded. 
The metal can be preserved from rust by coating inside and out with 
hot tar in which a suitable proportion of pitch has been dissolved. 
A number should be painted on the lid and on the cylinder, and as 
the lids usually fit best in one position this should be indicated by 
a white line. The numbers not only prevent the lids being mixed 
but also greatly facilitate the search for any particular sample of 
seed. To prevent the condensation of moisture on the bottom of 
the bin and the destruction of the metal by rust, it should stand 
either on bricks or preferably on a wooden triangle about an inch 
thick provided with rounded comers. One of the wooden bases is 
shown in plan at 0 in the sketch. After the lid lias been pressed in., 
the bin should be hermetically sealed round the upper rim with 
wax which will not melt during the hot weather and which will not 
crack during the monsoon. A wax mixture suitable for the tempera- 
ture at Pusa can be obtained by meltmg together 4 parts of 
vaseline with 5 parts of bees- wax and slowly adding 2 parts of 
powdered rosin. For very high temperatures, the proportion of 
bees-wax and rosin should be increased. A large number of sample 
seed bins have been supplied to correspondents in India and many 
copies have been made. They are now manufactured in sets of 
100 by Messrs. Burn & Co., Howrah. For storing seed in bulk for 
distribution, larger sizes are desirable. Seed stored in this manner 
retains its germinating power for many years. 
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CHARLES ALFRED BARBER, C. L E., Sc. D. (Cantab.), F. L. S. 


Ur. C. a. barber, C.I.E., Sc.D. (CanUb.), F.L.S. 


BY 

J. MACKENNA, C.I.E., I.C.S., 

Agricultural Adviser to the Government of India. 

By the retirement of Dr. Biarber, Govorjunent Sugarcane 
Expert, the department loses one of its most popular and most 
distinguished members. 

Charles Alfred Barber was born on the 10th of November, 
1860, at Wynberg, South Africa, son. of the Revd. William Barber, 
missionary there. As a boy he was much interested ui natural 
history ai'd soon knew every beast and bird and plant. He came 
to England in April 1871, and was placed at New Ku'.gswood School 
at Bath till 1877. Here no science was taught, but he worked 
at chemistry and geology privately. 

He entered the Manchester and Liverpool District Bank, 
NeWcastle-un.der-Lyme, in 1878 ; pissed through the five years’ 
apprenticeship, qualifying for a head-clerkship or for an accountant- 
ship in a small branch. But, durmg his spare time. Barber had 
been attending classes in chemistry, and had been privately studying 
geology and botany. He matriculated in honours and passed the 
First B.Sc. of London University. 

He decided in 1883 to devote his time entirely to science and 
Went to Heidelberg and subsequently entered Bonn University 
for a year (1883-84). Here he studied chemistry, physics, mineralogy, 
zoology and botany. In these studies botany soon took first place 
because of the excellence of the. teaching. The full course under 
Professor Stiasburger consisted of 184 lectures and there were special 

( 11 ) 
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courses under Scmitz in mycology and Schimper in plant distribu- 
tion. In chemistry the full course was under Professor Wallach, 
and for some time he worked in the same laboratory as Mr. J. W. 
Leather whom he was to meet later in India. 

Barber entered Christ’s College, Cambridge, in 1884. He 
was too old for an entrance scholarship, but was placed equal with 
the senior science scholar in the first examination of the year, and 
was granted a major foundation scholarship which was continued 
for seven years. He gave up chemistry because of the poor equip- 
ment of the laboratories and took up botany, zoology and human 
physiology. During his first year at Cambridge, Barber acted as 
demonstrator in elementar}' biology and, in the third term, was 
asked to assist Dr. Scott at University College, London, in preparing 
students for the elementary and advanced examinations of London 
University. Owing to the sudden death of Professor Huxley, 
Dr. Scott succeeded him in the teaching of the botanical section 
at South Kensington, and Barber was charged with the whole work 
at very short notice. He continued this teaching lor three years 
while carrying on his studies at Cambridge. He took Part I of 
the Cambridge Science Tripos in 1888, and Part II in 1889, obtain- 
ing a first class in each. Having assisted in teachmg elementary 
biology for several years. Barber was offered work as demonstrator 
in zoology and also demonstrating work in human physiology 
by Professor Foster. But he decided to take up botany and became 
University demonstrator in 1889. Owing to the great expansion in 
the school then taking place. Barber had a large portion of the 
lecturing, especially for the second part of the Tripos, and was in 
chief charge of all the demonstrating in the school. He published 
six papers in the “ Aj).nals of Botany,” chiefly on fossil botany, 
and became examiner in botany in Oxford University and 
assistant examiner in London University and elsewhere. 

Barber left Cambridge in 1891 to take up an appointment 
as Superintendent of Agriculture in the Leeward Islands. He had 
charge of gardens in Antigua, Montserrat, Dominica, St. Kitts 
and Virgin Islands, with, later oui a fibre plantation in Anguilla 
and, a sugar plantation in St. Kitts. Owing to the fall in the price 



DB. C. A. BABBEB 


13 


of sugar, the Islands became bankrupt and the appointment ceased 
in 1896, ten years’ pension being granted by the Colonial Office. 

After temporary work at the British Museum, Barber was 
appointed to succeed Professor Marshall Ward in the teaching of 
botany at the E. I. E. College at Cooper’s Hill. He commenced the 
study of the internal morphology of timber and published one 
paper on a fossil Gymnosperm in the “ Annals of Botany.” He 
also acted as Professor of Botany at the Eoyal Hollo\v'ay College at 
Egham, and did a good deal of examining. 

In 1898 Barber left Cooper’s Hill to take up the appointment 
of Government Botanist, Madras, with tlie idea of completing the 
collections of the Madras flora and the preparation of a descriptioji 
of it. He was appointed Director of the Botanical Survey for 
South India, including Madras, Hyderabad, Mysore, Travancorc 
and Coorg and Cocliin. Almost at once, however, the study of 
diseases in crops was added to his other duties. Commencing w'ith 
the sugarcane, this was afterwards extended to groun.dnut and 
later on to pepper. He founded three farms for the study of these 
staples, at Sanwlkota, Palur, and Taliparamba, respectively. In 
addition to the survey, therefore, a considerable amount of agri- 
cultural work was required and to tliis was gradualh' adthnl economic 
botany, entomology and mycology. During this period his spare 
time was devoted to the study of llaustoria of the Sandal, Cansjera, 
Olax and Ximenia and four Memoirs were publislied in the Botanical 
Series of the Agricultural Departmeji.t of the Government of India. 
For this and previous research work, the degree of Doctor of Science 
at Cambridge University was awarded in 1907. In 1908, while 
on ten months’ study leave, he visited all tlie importaii.t agricultural 
colleges in the United Kingdom and prepircd a liistor}’- of Kew 
Gardens for the French Government. 

Barber returned to In.dia in 1908, and jomed the new Agri- 
cultural College at Coimbatore, in charge of the botanical, entomo- 
logical and mycological sections. Of the two latter branches he was 
relieved by the appointment of an Entomologist and a Mycologist. 
The stereotyping of a seru s of lectures on botany and agricultural 
botany for Madras was the chief work during these years, but he 
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also commenced the study of Indian cottons and other economic work 
as time permitted. He was examiner in Madras University for 
10 years and a frequent contributor of leaders to the “Madras 
Mail.” 

In 1912 Barber was appointed Sugarcane Expert for the whole 
of India, but was posted under the Madras (Government, and opened 
the Cane-breeding Station at Coimbatore. This appoin.tment was 
prolonged from time to time because of the war and the difficulty 
of finding a successor. As a reward for his distinguished service 
he was admitted a Companion of the Indian Empire in June 
1918. 

Asa scientific worker Hr. Barber was distinguished for accuracy 
and method. He was possessed of enornrous industry. The series 
of Memoirs on sugarcane published by the Department of Agri- 
culture are a mass of accurate iniormation on the subject, while 
his observations and conclusions have been tabulated with such 
precision that his successor will have no difficulty in taking up the 
work at the stage at which it was left. By his retirement (Govenx- 
ment has lost a worker of first class distinction, but it is to be hoped 
that we shall indirectly, for many years to come, benefit from 
his work. 

Barber was possessed of a very fine physique and had a dis- 
tinguished athletic record. At school he was a successful spriiiter, 
while he won his colours at cricket and was one of the football 
captains. At Christ College, Cambridge, he won his colours for 
tennis and for Association football and was first in the high and 
long jump in the college sports. At Cooper’s Hill he played regular- 
ly in the football and tennis teams. On the aesthetic, as opposed 
to the athletic, side. Barber was no less distinguished. He was a 
first class photographer and also did a considerable amount of 
painting, appearing frequently in the prize list of the Madras Fine 
Arts Exhibition. 

Barber was no less happy in his home than in his official life, 
ajid many of us will remember with pleasure the kindly hospitality 
extended by Dr. and Mrs, Barber to visitors to Coimbatore. It is 
difficult to realize that the age limit forces on to the pension list 
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men with such reserve of energy or so physically fit as Dr. Barber 
was when he left India, and we look forward to seeing further scienti- 
fic contributions from his pen compiled in the peaceful and congenial 
atmosphere of Cambridge. We are sure that the good wishes of 
all members of the department follow Dr. and Mrs. Barber in their 
well-earned retirement. 



CO-OPERATIVE LAND MORTGAGE CREDIT 
FOR INDIA. 


BY 

H. R. CROSTHWAITE, C.I.E., 

Registrar of Co-operative Societies, Central Provinces and Berar. 

It is not hy augmenting the capital oj a country, hat hy rendering a 
grexiler part oj that capital more active and productive than would 
otherwise he so, that the fnost judicious operations oj hanking can 
increase the industry oj the country. [“ Wealth of Nations.”] 

Within the short space of a decade and a half the co-operative 
credit movement lias made phenomenal progress in India. That 
fact it is impossible to dispute. True, there are those who lament 
the slowness of development. In opposition to them, critics have 
come forward to pounce upon a comparatively few instances of 
failure as proof of an unhealthy desire to show big results in the 
shape of what is tenned “ an imposing array of figures. ” " You 
are going too fast !” groans the one school, forgetting that if an 
aeroplane had never crashed Alcock and Browne could not have 
flown the Atlantic. “ Hurry up !” grumbles the other, being in 
Ihe happy position of watching people work while it does the talking. 
But, if there is any truth in the statement that the co-operative 
movement has been forced ahead too fast, then who, it may be 
asked, has made the pace ? Certainly not the Registrars of Co- 
operative Societies, nor the small number of men working directly 
under them. Once started on its way by Government, the move- 
ment has gathered impetus, as Government hoped it would. Its 
finance is already far too big a thing for the commercial banks to 
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handle. More than that, the amount of money required by co- 
operators is so enormous that it is impossible for the State to assume 
any specific responsibility for the safety and solvency of their insti- 
tutions. What right, indeed, has Government, an entity which is 
responsible for every part of the body politic, to guarantee the 
solvency of one particular part of that body without the intelligent 
consent of the other parts ? The tax-payer’s money goes into one 
common purse ; and as it is for their own benefit that men join co- 
operative societies, it is difficult to understand the argument that 
it is right to rob poor A, who is a private trader, in order to reward B, 
who is already trying to diminish A’s profits — ^and incidentally put 
money in his own pocket — by means of co-operation ! The simple 
fact is that the co-operative credit movement is spreading in India 
because, by means of good organization, it can provide borrowers 
with credit on reasonable terms and, at the same time, ofEer a safe 
investment to lenders. Incidentally, the organization of small 
credits has been of great service to the country because it has 
brought into circulation a vast amount of idle money ; and it is in this 
direction, and not in adding to the strain to which the Presidency 
and other trade banks are subject, that further development is to 
be looked for. Sound economy and good morality march togelher, 
and it is not, as a rule, until a man has reaped some material benefit 
from listening to the advice of others that he is in a frame of mind 
to consider their prof essions of anxiety for his moral welfare. Money 
is said to be the root of all evil ; but everybody wants to have 
the tree in his own garden. We may, therefore, bear with good- 
humoured tolerance the disparaging remarks of persons who affect 
to despise the quality of the co-operative movement in India because 
it has not converted human beings into saints. We can, also, 
neglect the views of those who urge that co-operative land mortgage 
is a sordid business which it is impossible to turn into a means of 
moral education, and that Jor this reason it should not be attempted. 
What it is necessary for the political economist to examine is (i) 
whether co-operative land mortgage can benefit India, (m) whether, 
and under what conditions, this particular form of co-operative 
effort is possible in India, and {Hi) whether the enormous sums of 

i 
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money whick arc required for organized land mortgage credit can 
be found in India. In discussing the questions thus raised it will 
not be n.ecossary to weary the reader by any very detailed refer- 
ences to the juetliods employed by other countries. 

The problems of India arc peculiarly her own and bewilderii'.gly 
complex. Land tenures vary from province to provhiceand from 
district to district. But wherever a local law debars a liolder of 
land from registering a deed of mortgage ii' respect of his rights, 
it is obvious tluit any kind of organized mortgage credit is impos- 
sible. TJie differei'ces between co-operative credit, of the type 
which is based oj). personal knowledge and proximity, and co- 
operative land mortgage credit are radical in kind. The former, 
being based on the credit of character, is ephemeral, and is, there- 
fore, unsuited to tlie making of initial contracts the terras of which 
cover loi’.g periods. The latter, being secured by real (‘state, is 
stable enough within the limitations imposed by prudent valuation 
and the credit of Govornment. The man who lends upon t^e 
security of land, with a tolerably wide margin between the amount 
he lends and the value he places on the laiid, is safe enough unless 
a wave of Bolshevism engulfs his investment. The saine cannot 
be said of the lender Avho makes a long-term loan on the strength of 
personal character pure and simple. True, a co-operative credit 
society, of the type which pledges the uidimited liability of all its 
members, does back its debts with some real property. But just 
what that real property may happen to be h\ the event of forced 
realization is problematical at any tiim', and, in respect of a 
distant future date, is extremely problematical. The asset of 
character implies the possession of earnin.g capacity, and it is, 
therefore, an asset which is peculiarly liable to deterioration 
and which, from the lender’s point of view, must be carefully 
watched. An epidemic of influenza or of cholera may cause 
a flourishing society to disappear simply because, the mem- 
bers who were its strength and support have left the world. 
Shocks of this kit'.d are provided for in the various systems of 
personal co-operative credit by a large paid-up share capital, 
by reserve funds, bad debt funds, and other financial devices. 
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But the essence of the systems which are based on combinations of 
peraoixal liability is really this. Borrowed money must be profitably 
used and paid back out of profits with the least possible delay. It 
must be understood, also, that the capital turnover of the provincial 
and central bai'.ks which serve rural credit societies cannot be as 
brisk as that of the banks which serve commerce, for the cycle of 
agriculture includes crop failures as well as bumper harvests. Nor 
yet can that same capital turnover approach in ease and rapidity 
that of a bank suitably designed for the purpose of granting land 
mortgage credit ; and, as, even with the best of good fortune, short- 
term agricultural loans ha ve an uncanny way of becoming long-term 
ones, it behoves the directors of provincial and central banks, — • 
banks designed for a eertaiii class of work only, — to guard against 
the dangers whi(‘h arise from locking -up too much of other people’s 
money . To attempt to turn central and provincial banks of existing 
types into co-operative land mortgage credit banks would be an 
experiment attended by immerous dangers, and the wisdom of any 
such sto]) may well be doubted. In addition to the financial diffi- 
culty just indicated there may be mentioned the problem of land 
valuation. A big landed estate is, in India, frequently valued 
by the sim])le process of taking a low multiple of the land revenue 
assessed upon it ; and the same method has, at times, been 
employed in Germany and other countries. But, as we all know, 
this method of valuatioji is, at best, a rough and ready one. It 
has this virtue, — it will not, as a general rule, overvalue the 
property. On the other hand, it is defective from the borrower’s 
point of view because it deprives him of the benefit of the true 
money equivalent of his estate. Half a loaf, in the shape of an 
inadequate loan, is not always better for the borrower than no 
bread at all. There are many men who, finding themselves in 
finan.cial trouble, pay off the most importuixate of their creditors 
by borrowing where they can. They go down the road to ruin by 
stages, as it were, — each stage more expensive than the one 
before it. Their interest charges increase, they have to fee 
lawyers and to keep up an appearance of prosperity lest it may be 
supposed that they have reached the end of their financial tether. 
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For 8uch men, the relief obtained from commercial banks and 
private lenders is, as a rule, of a temporary nature. We cannot 
blame the commercial banks and private lenders ; their point 
of view is the ordinary business one. They are intent on making 
money for themselves or for their clients, and the moral and 
material benefit of the borrower is not their affair. Bitter 
experience has taught them how difficult it is to value agricultural 
land ; how troublesome it is to bring it to sale ; how large the 
margin between loan and assumed value must be. They know 
that, as a rule, they cannot avail themselves of that proximity 
which alone can produce an accurate appreciation of borrowing 
capacity. These are some of the disadvantages of lending money 
on large estates, and they become very much more formidable in 
the case of small ones. 

Next, let us glance at the circumstances which affect the 
market value of small holdmgs. First of all, there is the 
productive capacity of the soil which often varies from field to 
field. Then, there is the fact that the average value of an acre 
of land in a village area is based, as a rule, on a very wide 
range of values. The parcel of land in question may be split 
up, and usually is split up, into bits and is scattered over the 
village area. One field may be close to the 6asfo"and exceptionally 
valuable ; another, on the fringe of a patch of jungle, may be 
ravaged by wild pig ; the crops grown on another may, for some 
mysterious reason, be peculiarly subject to wilt. Add to these 
sufficiently formidable complications those which arise from the 
vagaries of the many laws which govern the conditions of land 
tenure, and the lending of money on the mortgage of small 
holdings stands revealed as a very dangerous kind of business for 
those who, lacking the needful equipment, would go in for it on a 
large scale. On a small scale, and in cases in which full local know- 
ledge is available, it is probably safe enough for parsimonious 
lenders, — ^but whether it is to the ultimate benefit of a borrower 
to execute a first mortgage in consideration of a loan which is small 
in proportion to the credit which his land can support, is another 
matter. In particular, although a man who wants certain fields 
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in order to cultivate them himself, can always get hia money back 
unless he has been led astray — ^as sometimes happens — by 
miscalculations caused by an unreasonmg hunger for land, prices 
secured at court sales and, as a last resource, cultivating profits are 
notoriously small when an absentee owner, whether a bank or an 
individual, is forced into reluctant possession. There is, for 
instance, the classic instance from Germany, in which a co- 
operative society found itself the proprietor of a theatre and of 
dwelling houses saddled with heavy charges. If, then, co-operative 
central and provincial banks, designed for the express purpose of 
dealing in personal credit, are misled by sentiment or bad advice, 
and, in the end, find themselves in possession of villages, houses, 
and land which they cannot maintain but must sell, there will 
indeed be some bargains on the market. But the people getting 
the bargains will do so at the expense of the banks. As for the 
banks what, it may be asked, was the ultimate fate of the foolish 
virgins in the parable ? And, on the other hand, what of the 
over-confident borrower who has mortgaged his land for inadequate 
consideration, and then finds himself deprived of further credit 
because the lender does not wish, or does not find it convenient, 
to reduce his original margin of security ? 

However, let us attempt to find some way out of Indian diffi- 
culties and find answers to the three questions already stated. 
Firstly, “ Can co-operative land mortgage benefit India?” To this 
there can be no hesitation in replying that undoubtedly it can. 
For the improvement of agriculture, for the adoption of machinery 
and modern methods, the employment of capital is necessary ; and 
there must be many owners of considerable estates, whether in 
the shape of large home-farms or otherwise, who would like to turn 
the expert demonstration and teaching of the Agricultural Depart- 
ment into something concrete, and of direct personal interest, in 
the shape of additional income. Modern farming, however, is a 
business which must be supported by plenty of ready money ; and 
cash in hand seldom figures as one of the main items in a land- 
holder’s balance sheet. Then, again, many a landholder, solvent 
enough at present, has contracted a mortgage debt on conditions 
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which he finds far more onerous than he expected. For him, the 
amortisation of existing debt on easy terms must precede any 
investment of capital in agricultural machinery, in wells, in pumps, 
in large quantities of manure. There are at least three great prob- 
lems which India has to solve if she is to develop into a well- 
balanced country. One of these is the increase of her population in 
order to supply labour for industries ; another is the increase of her 
food supply in order to feed an industrial as well as an agricultural 
population. It is not necessary, surely, to elaborate the argument 
that capital will be wanted, in very large amounts, by the land, 
which, if it is to meet a growing demand for food, will have to be 
made far more productive than it is at present. The third problem 
is that of prices. Unless industrial expansion is accompanied by 
the intensive development of agriculture, the price of food and 
wages will rise to such an extent as to prejudice the sale of the 
products of Indian industry. There has never yet been a country 
which could confine its trade to itself ; the different classes of which 
could live, as it were, by taking in each other’s washing. India 
will certainly want to buy from and sell to other countries ; and, 
in the vortex of world trade, the prices at which she can sell will be 
limited by competition. Agricultural credit is, therefore, a subject 
which demands the closest attention, for it is, in fact, the founda- 
tion on which the future of India is based. 

The second question with which we have to deal is whether, 
and under what conditions, co-operative land mortgage credit is 
possible in India. This form of co-oiierative effort is, of course, 
possible. But such a statement rests on several important assump- 
tions. It must, for instance, be taken for granted {i) that the laws 
of the land will be modified, where necessary, so as to favour an 
organized system of land mortgage credit, {ii) that owners of land 
will combine with each other in order to better their credit because 
they understand (a) the necessity for intensive cultivation, and (6) 
how to cultivate intensively, and (m) that the necessary organizing 
agency is placed at the service of landowners. It is easy to argue 
that if landowners cannot organize themselves nobody else can do 
it for them. The argument is a resounding one which appeals 
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to vested interests and to overworked officials. It belongs to the 
same family as the statement that “Nature abhors a vacuum” — 
which served the purposes of Natural Philoscpliy for nearly two 
thousand years until G.dileo observed that water could only be 
raised to a limited height by the creation of a perfo(;t vacuum. But 
it does not fit in, somehow or other, with the les.sons which the war 
has taught us. The sounder poin.t of viewa])pearstobethat which 
envisages the imparting of all es.set)tial education as a duty which 
the State cann.ot shirk, and which understands that the question of 
a country’s food supply is one which cannot be neglected with impu- 
nity. The justification for the existence of a department of agri- 
culture is that it provides a means of education,— not that it can 
till the fields itself but that it can teach the cultivator to obtain 
heavier crops. Food being a nece.ssity for all men, and the 8tate 
being merely another Jiame for its iidiabitants, measures to make 
food bettor, cheaper, and more plentiful are essentially the business 
of the State. For this reason. j)ublic money is rightly invested m 
State departments which educate the prodiicer to better business, 
better farming, and better livhig. Jt is the specul work of such 
departments to iucuh^ate tlie principles of self-h(dp, ajidto train and 
strengthen certain parts of the body ])o]itic so that there may be a 
contented and pro.sperous whole. It is certainly not the legitimate 
business of any Government department to weaken the botly politic 
by spreading economic fallacies, -by teaching ignorant people 
that State help, whether in, money or iji service, is a substitute for 
self-hel]). If the members of a family say, each one of them to 
himself, “ I need not w'ork. The rest of the family will feed me,” 
that family must consume either its savings (if it has an.y), or its 
borrowings, or exist on charity. In the end, the members must 
produce food or starve. And in the task of production every 
member ought to take a suitable part. The e(;on.omy of a State is 
very like that of a family. Before proceeding further, then, it 
may be postulated that the introduction of a regular system of land 
mortgage credit in India will certainly require State guidance and 
supervision, but not State money whether in the shape of subsidy 
or loan. The success of a land mortgage credit association depends 
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entirely upon the capacity of its members to manage their ovm 
affairs up to a certain point. Beyond that point, a system of 
co-operative mortgage credit becomes the business of the State 
and merges in the general scheme of State finance. 

Societies dealing in co-operative mortgage credit have a senoi- 
ofl&cial character. They work under Government supervision and 
inspection, though their members do the detailed work themselves. 
In case of non-payment by a member they have the right to proceed 
to the administration of the mortgaged lands or to compulsory sale 
by auction, without recourse to the law courts. But the levy of a 
fine or penal interest always precedes drastic action. The servants 
and ofiicers of the societies are indirectly servants of the State, and 
generally they have authority to sign certain public documents, 
such, for instance, as the certificate required before summary 
procedure is taken. The universal type of co-operative land credit 
society is a non-profit seeking association of proprietors of land, 
organized for a province or for some other administrative unit. 
Individuals become members when the association becomes a 
mortgagee of their property. Membership ceases with the redemp- 
tion of the mortgage. Just as in all other co-operative credit the 
main merit of this particular form of it lies less in the substitution 
of wholesale dealing for retail, than in the interposition of a body 
between borrowers and lenders, which, although composed exclu- 
sively of borrowers, has a supreme interest in safeguarding lenders. 
As a class, all co-operative land credit societies have in their organ- 
ization and in the management of their affairs certain features 
in common. Their object is to obtain for their members the credit 
they require by means of bonds, freely transferable and readily 
negotiable, which the holder can convert into cash, at any time if 
he sells in the open market, at six months’ notice if he demands 
payment from the society. To provide for demands of this nature 
(a) reserve funds are accumulated, (b) the right is sometimes 
retained to charge mortgagor members the same rate of interest as 
a society may have to pay for loans taken and consequent on such 
demand, (c) members undertake a limited liability for supplemen- 
tary contributory payments (as temporary accommodation to the 



CO-OMRAftVE LAND MORtGAOB CREDIT EOR INDU 


25 


society) amounting to from 6 to 10 per cent, of indebtedness 
incurred. Methods {b) and (c) are not common, (a) being sufficient 
as a rule, as all sinking fund payments, — i.e., payments towards 
the fund which accumulates at compound interest and from which 
the debts of members are extinguished by the society, — are made 
available as a reserve not only for this purpose but to meet claims 
put forward by bondholders whose bonds have matured, should the 
collections from members fall below the requisite amount. By this 
means the society gains time, and keeps neither its members nor its 
creditors waiting for cash. Formerly, a society’s bonds were 
guaranteed by the landowners of the province or unit collectively. 
In some of the oldest European countries this collective guarantee 
is still in force, either for all the estates entitled to obtain mortgages 
or for the estates actually mortgaged. It seems improbable that 
Indian landowners, even though close neighbours, would ever 
consent to furnish a collective guarantee ; and it is, therefore, 
satisfactory to be able to record that, in the more modern societies, 
the specific security held by the society for its loan, plus a limited 
contributory guarantee, is considered all that it is necessary to ask 
a member to provide. The latest type of society appears to favour 
the initial guarantee which is furnished by a substantial share 
capital, but this, also, is a development which would probably be 
unsuited to Indian conditions. In all societies the supreme author- 
ity is vested in the general meeting of the members. Then come 
the central committees of management, and then the local or district 
committees. The Syndics, or expert legal members of the com- 
mittee of management, conduct the current business of the society. 
They are paid and, in most cases, are bound exclusively to the 
service of the society. The landownin.g members of the committee 
are generally unpaid. The task of land valuation is performed by 
the Local Committees who are selected from members resident in 
the neighbourhood of the laud to be valued and not very heavily in 
debt to the society. Local knowledge, in fact, is always made the 
utmost use of. To be quite safe, no society grants loans in excess 
of a certain proportion of the valuation made on the land, the usual 
limit being 66 per cent. Great care is taken to see that payments 
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both on account of interest and amortisation (or to sinking fund) 
are regukrly made, and that mortgaged property is not allowed to 
deteriorate. On the other hand, if the objects stated by the bor- 
rower are approved and the valuation shows that the security is 
good, loans are never refused and canJiot be called in suddenly 
except, of course, as a penalty for misconduct. The mortgagor is 
at liberty to redeem his property before the date stipulated and, in 
fact, he can repay as fast as he likes. Members who borrow have 
to make certain contributions towards working expci'.ses and reserve 
fund — ^the “ reserve fund ” being, in the case of these societies, 
something quite different to the permanent and indivisible reserve 
fund of the Kaiffeisen system. Loans are paid to members in 
bonds not in cash. The borrower either disposes of the bonds in 
the market, or, in those cases in which the societies leave established 
their owir special banks, takes them to the society ’s bank for sale 
or for pledge against a loan. Holders of bonds issued possess no 
right against any specific real property, but only a right to recover 
from the society. Conformity between bonds and mortgage claims 
is, however, fully secured ; bonds do not become legally valid 
documents until completed by the supervising officials, upon 
whom it is incumbent to ascertain by inspection of the public 
register of title that a like amount is secured by mortgage upon 
property and that such mortgage claim is also definitely assigned to 
meet the bond claim. In. face of this assignmei’t. the registry official 
may only cancel the mortgage charge on proof that bonds of like 
value have been withdrawn from circulation. Bon.dholders have 
not, however, claims against specific properties thus mortgaged 
and earmarked ; the method indicated merely guarantees that there 
are never more bonds in circulation, than are covered by mortgages, 
and that other credit operations likely to weaken the security of 
the bonds are not undertaken by the societies. First mortgages 
only are dealt in ; but societies grant loans to piy off previq,us mort- 
gages. The bonds, as ought to be the case in British India, are 
legally recognized as trustee securities. Issues of bonds are made 
in distinct series ; every series carries the same rate of interest,* and 
is dealt, with as a distinct issue, having its own management fund,. 
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reserve fund, and sinking fund. In order to float the bonds the 
societies have united to form their own special banks which are 
more or less under State coutrol, arc recogr ized as places for the 
deposit of trust moneys, ai d are not con.ducted for the sake of profit. 
All the profits made by these banks, which are at liberty to ei:gage 
in any bankiiig business which is not speculative, go to the reserve 
amortisation funds of the societies. The regulations concerning 
amortisation differ widely. It is, however, the general rule that 
the contributions towards ledempticm are not ap])lied to the imme- 
diate reduction of the debt, but are accumulated in a special fund. 
The fact that most societies allow the withdrawal of accumulated 
contributions or readily grant fresh mortgages })revents the proper 
aim — complete removal of indebtedness — from being realized. On 
the other hand, it is urged that, ujdcss such facilities are granted, 
landowners may be obliged to seek mortgage credit elsewhere and 
on more unfavourable terms. Various proposals have been made 
to secure complete removal of indebtedness ; one, for instance, is 
that the mortgagor should pay an insurai’ce rate for a redemirtion 
policy in addition to his animal amort/isation. payment to the sinking 
fund ; another that the amortisation jiayment should be devoted 
to a life insurance policy. 

The principal merits attachii’g to a mortgage credit association 
as an agency for providing the landowner with long-term credit may 
be summarized a.'s follows : -- 

(1) They enable landowners to mobilise the wealth rejire- 

sented by their landed possessions by the creation of 
bonds passing into the general system of securities. 
These bonds are not, like an ordinary mortgage secu- 
rity, of very restricted currency but are realizable at 
any time in the open market. 

(2) The loans granted are not subject to recall. 

(3) The rate of interest is as moderate as possible — ^far 

more moderate than the borrower could secure 
1 if single handed, and is regulated by the market 

rate. 

{4) The rate of interest cannot be raised. 
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(6) The ri^t is conceded to reduce the debt by payments 
made at the mortgagor’s convenience. 

(6) The necessary extinction of the capital debt is accom- 

plished gradually. 

(7) The costs for valuation and other charges are low. 

(8) The administration is at once relatively inexpensive and 

the officeholders hi^ly qualified for their work. 

Even this cursory examination of the machinery for co-opera- 
tive land mortage credit will, it is hoped, show that there is nothing 
to prevent the establishment in India of societies and banks for this 
special work. It may be exceedingly difficult to organize and start 
such societies and banks ; but that is no reason for not starting 
them. It may be that landowners will, at first, view the new idea 
with suspicion. That, however, is not an excuse for refusing to 
take action. It may be that the State will have to appoint special 
officers to organize and assist this very difficult branch of co- 
operative work. That, however, is exactly what other countries 
have had to do. The co-operative movement in India is still too 
young to be able to think out for itself advanced applications of the 
main principles upon which all forms of co-operation are based. 
And in order to organize mortgage credit societies and to manage the 
special banks there must be skilled and experienced men who will 
devote their undivided attention to the work. It is not understood, 
perhaps, that banks of the kind we are now discussin.g can discount 
the paper of the existing types of central banks and rural credit so- 
cieties and can, under certain conditions, make loans to them, adding 
profits to their own fund for debt extinction and thus making agri- 
cultural money help agriculturists. It is, in fact, only by making 
the fullest use of the solid backing which landownership gives to 
their operations, a backing which is particularly acceptable to 
trustees, banks, corporations and to all investors who make security 
their first consideration, that the members of co-operative mortgage 
credit societies contrive to provide themselves with long-term 
credit at very moderate rates of interest. That the credit obtained 
is for long terms may be gathered from the fact that amortisation 
payments are frequently as low as half per cent» per annunn 
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The question which remains is “ whether the enormous sums 
of money which organized land mortgage credit requires can be 
found in India.” In considering this question, it must be remem- 
bered that mortgage credit societies are eminently suitable as a 
means of substituting debt on reasonable terms for debt contracted 
on terms dictated, perhaps, by dire necessity or the folly of an 
ancestor. The end in view is, in substantial part, not so much 
that of creating fresh capital as of a redistribution and economic 
adjustment of capital already simk. Looked at from this point of 
view, the bearing of a well-organized system of mortgage credit 
upon industrial and commercial development becomes clear. It 
was clear enough to the Germans ; and though Germany has been 
beaten in the war, only the purblind will refuse to believe that, in 
many respects, German industrial, commercial, and agricultural 
organization and method had many lessons to teach to the world. 
Germany lost the war because her cause was cruel, selfish, and bad, 
and because, blinded by pride in her own achievements, she failed 
to appreciate the moral no less than the material might of the 
British Empire with its very much longer, less calculating, and 
infinitely more humane history. Germany, the Germany of the 
Hohenzollem dynasty, set out to conquer the world. It was an 
adventure that was doomed to fail. Had it succeeded, success 
could only have been for a time. The very fact that Germany’s 
attempt upon human freedom has upset the world’s balance should 
make us understand that Gernoan domination would, sooner or 
later, have brought about a veritable catastrophe. Looking to 
the future, it is evident that the countries which have the most to 
hope for and the least to fear are those which are ready to understand 
the necessity for internal organization. Departments of industry, 
commerce, agriculture, and education must have their essential 
complements in the shape of departments of finance. And, in 
India, there is scope enough for the organization of finance. 

Speaking from personal experience, I have seen one small 
provincial co-operative credit banking organization, guided by a 
very meagre number of oflBicials and non-oflS^cials, accumulate a 
working capital of more than a crore of rupees, — and that within a 
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period of fifteen years. Given sufficient staff for propagandist work 
and for teaching and train h'g, there is firm reason to believe that 
co-operative final ce can be made to keep pace with, and to acce- 
lerate the pace of, general progress. It is certain that without 
improved fiiiance, the efforts of such ilepirtments as those of agri- 
culture and industries cannot meet with anything but a superficial 
success. The que.stion is really an administrative one, and resolves 
itself into the fashioning of a lever, big enough, but no bigger than 
necessary, to raise a weight which is imponderable. Paradoxically, 
the heavier the brains of the weight, the lighter and less expensive 
need the lever be. Hei'ce, tJie con.clusioj'. may be arrived at that 
all reasonable an.d prudent expenditure by the State upon practical 
education — the right kind of education given by compitent per- 
sons — is, in. reality, only the jjremium lor an endowment insurance 
which will mature and, in, the end, do more tlnin merely recoup 
the State. 

Within the space of an article such as this it is not possible to 
make more than a passing refi'rence to the very large sums of money 
which lie idle in the Government Treasuries during certain months 
of the year, to the notorious nuxnner in which India absorbs and 
withdraws from circulation vast quantities of gold and silver — an 
absorption which even the ancient Homans found it necessary tc 
protect themselves against by prohibiting the export of gold to 
this country, — and to the fact that Indian exports exceed imports. 
In addition, it must be pointed out that the essential fmiction of 
co-operative mortgage credit banks is to convert funds which have 
been locked up and have become inunobile into a form of security 
which is readily negotiable and is, therefore, fluid. Split hito bonds 
of small denomination and in the hands of many holders, landed 
seeurities become something differing as widely from the usual 
mortgage lock-up as the silver rupee is distant from the Sanskrit 
rupya (meaning a herd or flock) which is its direct hut remote 
ancestor. In the course of trade, amongst enlightened people, 
mortgage bonds can be made just as good a medium of exchange as 
currency notes, and can be backed by a reserve of real estate instead 
of by a metallic reserve. Lastly, as the industries and agriculture 
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of India become more and more productive, the amount of money in 
cir«culation. will certainly increase. On the whole, therefore, it is 
safe enough to conclude that there will be no lack of money, for, as a 
system of organized land mortgage is gradually developed, pro- 
duction and consumption will increase, and industries and trade 
will flourish. 



A NEGLECTED SOURCE OF SUGAR IN BIHAR. 


BY 

MANMATHANATH GHOSE, M.A., 

Assistant Professor of Chemistry, Agricultural College, Sabour. 

Bengal has a considerable industry in date-palm sugar, but 
no great attention seems to have been paid to the palmyra palm 
as a sugar-producer. Nor has it received any recognition in Bihar 
where the richly saccharine juices yielded by this tree are converted 
into toddy which supplies a cheap intoxicating drmk for the lowclass 
people. The tree flourishes fairly abundantly and if the juice is 
collected judiciously it can supply a large part of the sugar consumed 
by the people. Not even 10 per cent, of the trees are tapped, so 
that, even allowing the people their drink, a considerable commercial 
possibility exists, and in April and May when the flow of the juice 
is most abundant, toddy sells so cheap that there can be little doubt 
that the manufacture of sugar will pay. In the Madras Presidency 
large quantities of sugar are annually produced from this source 
and though its commercial success is assured there, the climatic 
conditions of Bihar being apparently different from those of Madras 
during the juice-yielding season, it is considered worth while to 
study the question here. 

Tapping. The method of tapping is important, as on it depends 
the flow of the juice. In the female tree, after the fruits have just 
begun to form, the flowering stalk is rubbed with a rough skin 
detached from the leaf-stalk and is then struck with the back 
of the tapping knife, the object being to destroy the fruits 
and to provide a local irritation which is perhaps necessary to 
encourage the flow of the juice. The spaces between the fruits are 

( S2 ) 




PLATE IIL 



Fitf. 1. The past toddy-collector) at work: squeezing Fig. 2. The pasi climbing the tree with six labnis (pots) and 

the male fingers. danta v an improvised pair of tongs ). 
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rabbed with care and force and in the end the tip of the stalk is cut 
ofi. Dhe toddy-collector, or the pasi as he is called in Bihar, then 
waits for some time, cutting every day the end of the stalk about 
three times. In three or four days, juice begins to drop. The 
inflorescence of the male trees is subjected to a harder treatment. 
The finger-like bunches on which flowers appear are squeezed along 
their lengths (Plate III, fig. 1) by an improvised pair of tongs 
(locally called danta) formed by two sticks, about a foot long, one 



The danta-^-^n improvised pair of ton^s used for squeezing the male fingers. 


end of which is tied together by a string. This requires experience 
and technical skill, as too gentle a pressure will not make the juice 
flow, and too hard a pressure will destroy bunches and make them 
dry. The pasi is always careful not to begin the squeezing opera- 
tions till late in the afternoon when the temperature has gone down 

3 
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as otherwise the wounds inflicted will kill the delicate fingers. The 
tips are then cut off and the fingers are at once collectedtogether and 
let into the mouth of an earthen pot in which the juice afterwards 
collects, in order to protect the portions, exposed by cutting, from 
getting dry. The secretion of the juice'generally takes place in the 
course of a week and, during the whole period the juice is yielded, 
the tips of the flowering stalks must be cut twice a day. Occa- 
sionally, while the flow of the juice is going on, a dark spot appears 
on the clean cut surface of a finger as the result of previous injury 
by the dmUa. The finger then ceases to yield juice, but the flow 
reappears when the affected portion is cut off. 

Flow oj the juice. The flow of the juice is apparently regulated 
by the heat of the day and the weather. Shady trees, as a rule, 
yield more juice than those of which leaves are cut. Careful atten- 
tion must always be paid to see that the juice-yielding bunches and 
stalks are protected as much as possible from direct sun’s rays. 
Weather is, perhaps, the most important factor in determining the 
yield. Unlike the date-palm this tree yields juice at a time when 
sudden changes of weather are frequent. When the trees are in 
full inflorescence, dry west winds usually blow and the tapping 
operations should, as far as possible, be done before the weather 
has changed. Any bunches that survive the preliminary treatments 
and begin to yield juice at this dry weather, are expected to yield 
copious quantities when the atmosphere becomes humid. If, 
however, the operations are done in moist weather with damp east 
winds blowing, the juice, though at first abundant, is liable to 
diminish considerably and cease altogether when a change back 
to a dry wind and high temperature, lasting for days together, 
takes place. A reference to the yields of the trees S, (v) and Sg (v) 
will make this clear. These were male trees tapped for the first 
time, just when some local showers of rain had caused the previous 
dry weather suddenly to change to a moist one. The collections 
were good at first, and up to the time when the maximum day 
temperature was not higher than 100°F., but as the heat increased 
and the temperature remained very high for three days together, 
a sudden diminution of the quantity took place from 2,200 grm. 
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(in tree S,) on the 8th May to 300 grm. next morning and to almost 
nothing afterwards. Compare this with the results of SiF, which 
was tapped earlier and in the dry season. The latter was yielding 
profuse quantities when the two former dried up. 


Tuhle oj yields. 



s,(v) 

S,(t) 

SiP. 

Maximum 

tempera* 

ture 

Minimum 

tempera- 

ture 


srrm. 

grm. 

grm. 

•F. 

•P. 


2,850 

1.050 

2,400 

840 

6,300 

3.400 

90 

100 

74 

75 


2.900 

1,200 

2,000 

680 

6,600 

3,400 

83 

100 

71 

78 


3,000 

1,600 

6,850 

80 

71 

1,600 

740 

3,700 

103 

76 


3,000 

1,500 

1,250 

670 

7.800 

4,100 

97 

109 

71 

79 


2,200 

340 

7,950 

96 

73 

550 

nil 

4,800 

120 

76 


300 

nil 

7,650 I 

93 

65 

negligible 

nil 

4,800 

115 

87 

loth 

nil 

nil 

nil 

nil 

7,550 

4.700 

123 

87 


Our experiments were carried on with 17 trees of which ten had 
never been tapped before and a few of the latter were also not suffi- 
ciently shady. As a result, we did not obtain a very large quantity 
of the juice, but learnt enough of the habit of the tree to arrive at 
the following conclusions: The quantity of the yield is different 
with different trees. Of the trees which were tapped for the first 
time, a good many yield no juice in the first year and others yield 
only a small quantity at first, but in two or three years they improve 
and then begin to yield the maximum they are capable of. In 
good trees a quantity of 5,000 to 7,000 grm. of juice, morning and 
evening, can be expected in the beginning, i.e., from the middle 
of April till the end of May . In June the flow begins to diminish 
gradually to about half the quantity, and finally in the beginning 
of July the yield dwindles down abruptly to a negligible quantity. 
There are male trees which give out a second inflorescence and yield 
a second crop of juice, and there are also some female trees in which 
the juice comes out after the fruits have grown big and some in 
which when the fruits are nearly ripe, but as their number is not 



^ AGRICULTURAL JOURNAL OF INDIA 

A^igr great, they have been left out of, account. When a tree is to 
hiottppod care should be taken to leave out of account those bunches 
are not shaded from the direct rays of the sun and are thus not 
kept cool. As has been said, too high a temperature of the flower- 
ing stalks or bunches hinders the flow of the juice. One will very 
often come across trees almost denuded of leaves by poor people 
who cover their huts with them in the absence of more expensive 
straws. Such trees should best be left alone. 

Collection oj the juice. The collection is made twice a day 
morning and evening. The evening collection, which consists of 
the juice yielded during the day, is necessarily much smaller than 
that collected in the morning on account of the high temperature 
during the day. In the date-palm, all the juice of any one tree 
collects in a single pot, but in the palmyra palm, the number of 
collecting pots attached to a tree depends upon the number of 
juice-yielding flowering bunches or stalks, and it is a common sight 
to see five, six, and even eight pots attached to a single tree. The 
juice-collector fixes in his waist-band or belt a hook from which as 
many as six or seven lahnis or pots can be conveniently suspended, 
and the man feels no difficulty in climbing up the tiee with the 
pots hanging from the hook behind (Plate III, fig. 2). As the 
juice-yielding season coincides with the hottest part of the year 
the juice seldcm remains fresh if collected in pots without any 
treatment. As the practice in Bihar is to collect the fermented 
liquor, the pots are purposely kept dirty with even yeast added 
so as to present conditions as favourable to fermentation as possible. 
E^eriments have been conducted in Bengal with pots variously 
treated for the collection of fresh date-palm juice.^ It was found 
that smoked pots preserved the juice when the temperature was low, 
but pots the inside of which was coated with lime could be relied on 
at all temperatures. Even in Bihar, with the palmyra palm, we 
found that early in the season, at low temperatures, tl\e juice in 
smoked pots gave a sucrose content, often comparable with, and 
at times higher than, that in limed pots. The juices in the limed 

* Memoirt of the Department of A^rievUitre in IndiOf Oh^icnl Series, ypU V, up S. 
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pots, however, kept remarkablj? fresh at the highest day temper- 
ature and there was no sign of inversion, the amount of glucose, 
found at any time, being practically negligible. Little changes 
were observed in the composition when the limed juice was kept 
overnight. This preserving action of lime is, however, not shared 
by the carbonate. The juices collected in the pots coated with a 
thin paste of finely powdered chalk were mostly fermented during 
the day, and were so slimy that no readings could be taken to find 
out what amount of sucrose was still left. 

The loss of sugar due to the combination of lime with sucrose 
is not much. The exact amount was not, however, measured. The 
limed juice, on standing, gave a clear yellowish liquid with flocculent 
white precipitates settled down, much of which consisted of un- 
changed lime from the linings of the pot. When, however, coarse 
grained lime was used, i.e., lime which was not very well slaked, 
the precipitate refused to settle down, and a clear liquid was not 
obtained. This was witnessed also when the juice was compara- 
tively poor in sucrose, especially when the juice, owing to an in- 
sufiiciency of lime, had just begun to ferment. The reason in the 
latter case probably was that the calcium saccharate formed was 
breaking up by the action of carbon dioxide e^^olved during the 
fermentation, and the milky appearance of the juice was due to 
the finely divided lime compound which took loiig to settle down. 
The lime used should therefore be well slaked and a too great excess 
should be avoided. 

Comj)osUion oj the juice. Fresh juice has a sweet smell and 
an alkaline reaction. Fermented toddy is a dirty foul-smelling 
liquid, containing, among others, a large percentage of acetic acid, 
so that it can be of value as a fruitful source of vinegar. The 
percentage of sucrose, average 12‘5 per cent., is remarkably constant 
throughout the season, and did not show a tendency to increase as the 
yield diminished. Unlike the juice from the date-j)alm of which the 
day juice is apparently richer than the night yield^, no appreciable 
difference is perceptible in the day and night collections, 


1 Mtnmrs of the- Dtpartmmt of AgrictUture in India, Chemical Series, VoL V, no. 3. 
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notwithstanding the fact that the yield during the day is 
considerably lower than during the night. Whatever difference in 
richness has been found can be accounted for as being due to the 
greater evaporation during the day and the consequent greater 
concentration of the day juice. The similarity of the day and 
night juices is illustrated by the table below: — 


Tree 

Date 

Yield 

Sucrose 

Remakes 

Female F;, ... ..| 

Males, ... .. 1 

Female F.i ... ...| 

Males, ... .. j 

Female F, ... .. | 

Male S, ... . j 

25- 5-18 

26- 5-18 
29-5-18 

30 5 18 

1 €-18 
2-5-18 
fi -6-18 
6-6-18 
8-6-18 
9-6-18 
12-6-18 

13 6 18 

grm. 

E 3,000 

M 3 JOO 

E 2,950 

M 2,225 
£ 4,100 

M 4,50') 

B 1,400 

M 2,700 

E 1,700 

M 1,800 

E 1,900 

M 2.050 

Per cent. 

12*70 

13*45 

14*16 

13*13 

13*12 

12*46 

15*76 

14*39 

13*01 

13*20 

12*05 

14*00 

B Day juice collected 
in the evening. 

M Night juice collected 
in the morning. 


It is also evident that there is nothing to choose between a 
male and a female tree in point of richness of the juice, and nothing 
has been found by us to confirm the popular belief that male trees, 
as a rule, yield more stimulating toddy than females. The juice- 
yielding period is also the same in both. 

Gur. When the supernatant clean juice from limed pots is 
decanted and boiled, the gur (crude sugar) obtained, has, on account 
of its containing lime, a caustic taste, and is, therefore, unsuited 
for direct consumption. On, however, passing a slow current of 
carbon dioxide until all the lime is precipitated, and then boiling the 
filtered juice, the gur obtained is highly sweet and palatable and is 
remarkable for its lightness of colour and flavour. It is suggested, 
as in the analogous case of the limed juice of the date-palm, that 
citric and tartaric acids or the water extract of unripe tamarind fruits 
may precipitate the lime, and, when used in proper quantities, give 
the juice a proper acid reaction so necessary to impart a ligjfit colour 
to the gur. In the latter case, it would make ^rwr-making from 
palmyra palm within easy reach of ah. The ash content of the gw 
lies between 2 6 to 3'0 per cent., and, on account of its containing 
deliquescent salts, even the driest ffur absorbs moisture in moist 
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weather. This property goes against the keeping qualities of the 
gur, as it is then liable to get fungoid attacks. As the gw will be 
made in the dampest season of the weather, this difficulty of pre- 
serving the gur is a serious drawback against its commercial success. 
On the other hand, limed gur, i.e., that made from the juice from 
which lime has not been removed, keeps wonderfully well. Though 
unsuited for being used as such, such gur can be used in the refin- 
eries for making white sugar. The removal of lime by the in- 
troduction of carbon dioxide or an acid involves a loss of sucrose 
in the gur. Samples obtained by us by directly boiling the limed 
juice contained approximately 85 to 88 per cent, of sucrose, while, 
when lime was removed from the juice, the sucrose content of the 
gur averaged only 80 per cent. As much as 58‘7 per cent, of white 
sugar has been obtained from a sample of limed gur from the date- 
palm juice.^ Similar, if not better, results can fairly be expected 
here also. Chances of inversion and of fermentation are greater 
in the date-palm juice before it. reaches the pot, as the exposed cut 
surface of the tree is large and the pot too has a wider open mouth. 
Here only the tips are cut and the exposed surface is well inside 
the pot and thus protected from the sun, while the mouth of the 
pot is narrow and almost closed by the bunches. 

As the production of palm sugar from the wild date-palms in 
Bengal has so far been satisfactory and as improvements are being 
suggested which are expected to yield still better results, it can be 
said, with sufficient fairness, that the palmyra palms in Bihar 
might be fruitful sources for the manufacture of cheap white sugar 
and that the industry is worth giving a trial. In Madras and in 
Burma, these palms yield a not inconsiderable quantity of sugar. 


^ Mtmoirs of ihe Departmtnt of Agriculture in India^ Chemical Series, vol, V, no, 3, 
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In the west of tfie Alimedabad District, or, to be more precise, to 
the west of the Saiuiiid and Dholka talukas and to the south of 
the Viramgam taluka of tliat district, there lies a large depression 
locally termed the nal. This area is waterlogged and contains 
usually a large lagoon, an.d luis a length of about eighteen miles 
and a breadth of five to six miles. The villages lying on the border 
of this waterlogged nal are termed the nalkantha. 

The nal itself lies low, and receives nearly all the drainage from 
the three talukas named during the monsoon, and at that time 
forms a large lake. The bordeiirg areas are composed of somewhat 
low-lying flat lands {kt/ari) used almost entirely for rice, of higher 
black cotton soil usually considered suitable for tmgad cotton and 
for unirrigated wheat, and of a certain proportion of light land 
termed thalian, suitable for jowar {Sorghum vulgare), bajri {Penni- 
setum typhoideum), pulses, ajtd til or sesamum. The subsoil over 
most of the area is a yellow earth, impervious to moisture, and the 
soil is usually somewJrat salt with rather brackish subsoil water. 
Tlie cultivators are chiefly Talabda Kolis, Nadoda Eajputs, and 
Girasias. The cultivation in the nalkantha is fairly good, and the 
returns in an, ordinary year are sufficient for the people. ,In years 
of deficient liunfall, the tract suffers batlly from want of food and 
fodder. 

Ujider these circumstances the cultivators, and especially the 
poorer cultivators, have turned to the nal itself for the means of 
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supporting life, both for themselves and their cattle, and have 
utilized several materials, an account of which may prove interesting. 
Those of which I propose to write are— - 

(1) Bid or the rhizomes of the sedge Sdrpm kysoor, Koxb. 

‘ (2) Thek or the rhizomes of the sedge Cyperus bulhosus, Vahl. 

(3) PoU of jxin or the inflorescence of Typha angustata, Bory 

and Chaub. 

(4) The tubers (kanda) and (5) the fruits (lampdi) of poyana 

{Nymphcea stiUata, Willd.). 

Of these the most important would seem to be tbe rhizomes 
of the bid plant, a common sedge in the brackish ml. The name 
bid is really given to the rhizomes, while the aboveground portion is 
termed gundari. In ordinary years tlie milch cattle eat the grassy 
portion of the sedge when green during the cold weather, and it is 
also employed for thatching the houses of the poorer people. The 
use of the rhizomes as food and fodder is no new thing. Watt^ 
says, in fact, “ The roots are dug up in large quantities in the cold 
weather, sliced and eaten uncooked by the natives of many parts 
of India. They are sweet and starchy, and are considered cooling 
and highly nutritious.” This year the use of them in the ncdkaniJia 
has, however, been far more extensive than usual. 

In order to obtain them, when the water in the ml dries up, 
the land is dug with hand picks or kudalis. Then the big clods are 
broken down with a wooden hammer, and the hid with the roots 
attached is taken out and heaped into a long ridged heap, covered 
with', the dried gundari and other materials. These inflammable 
materials are then ignited in order to burn up the roots adhering 
to the hid rhizomes and to facilitate the removal of the attached 
earth. The process of covering and burning is repeated, if necessary. 
The resultant product has been sold at eighty to one hundred pounds 
per rupee during the present year. 

The product is not yet, however, free from earth, and hence, 
before feeding to cattle, the material is steeped some time in water. 
■ This removes the earth and softens the rhizomes, so that when the 


1 ‘^Dictionary of Economic Products of India,” yol. VI, part 2, page 491, 
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latter have been beaten by a heavy stick to break them up, they can 
be eaten easily by cattle. The soaking is also of advantage in pre- 
venting a loss of the flour contained in them, which would otherwise 
certainly be partly washed out. 

When the material is intended for human consumption, the 
digging up of the clods containing the rhizomes takes place as 
previously described, but the clods are left unbroken for several 
weeks. Thus the rhizomes are dried up thoroughly in the soil and 
become sweeter to the taste. Then the small rhizomes are sepa- 
rated as described above, and are collected and dried in the sun for 
four or five days. They are powdered on the ordinary household 
powdering stone and sifted through a cloth to separate roots and 
fibres. The dried rhizomes yield about sixty per cent, of flour. 
The flour is mixed for use either with wheat or barley flour to the 
extent of from twenty-five to fifty per cent., and the mixture 
(locally called setaru) made into loaves. 

On analysis the materials gave the following figures : — ■ 


(a) Bid rhizomes prepared for cattle food. 

(b) Bid rhizomes prepared for human food. 

(c) Bid rhizome flour, for human food. 

a 

b 

c 


% 

% 

% 

Moisture 

3*80 

3*00 

3-45 

Ether extract (fat) 

0-90 

0*66 

0-65 

Proteids 

7*56 

11*81 

8-78 

Digestible carbohydrates 

62-69 

69-78 

78*82 

Woody fibre ... 

14-95 

9*65 

3-10 

Ash 

10*10 

610 

5*20 


lOO’OO 

100*00 

100-00 

Containing sand 

6-30 

"~300 

0*23 


The second of the materials we are considering consists of the 
rhizomes of Cyperus hulhosm locally termed theh. Like that of the 
hid rhizomes the use of these is no new thing. Watt {hoc. cit.) notes 
that the roots are used as flour in times of scarcity, and eaten roasted 
or boiled. He states that when roasted these roots have the taste 
of potatoes and would be valuable for food if they were not so small. 
Balfour writes as follows “ Dr. James Anderson in an excursion 
in the soutfhem part of the penmaula of India discovered that 
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Gyperus huTbosus, growing in sandj situation by the seaside, and 
requiring but little water, was the common food of the natives during 
a famine when other grains are scarce. It is nutritious, pleasant to 
the taste, and makes a pudding somewhat resembling that made of 
sago.” On the same subject Drury notes that some dry the tubers 
in the sun, grind them into meal and make bread of them, while 
others stew them in. curries and other dishes. 

The theh plant ra.turally grows in the sjilt fan.ds on the edge of 
nal. When this land is dried up it is divided into small beds ; water 
is then let in and the bed is dug up under water. Under these 
circumstances the iheh roots and tubers separate from the soil, and 
being lighter, float to the top of the water, and are collected in a 
sieve made of grass. When thus collected, they are dried in the 
sun, spread over the ground, covered with any available inflammable 
rubbish, and the latter burnt. The material thus obtained is then 
beaten with a stick to remove the coverings of the tubers themselves 
and a final winnowing gives the fresh roasted thek. The theh thus 
prepared is used as a substitute iorjowar panhh* either on fast days 
or it is sent to market and used by town and city people as a novelty. 
It cannot be kept long, as it quickly goes bad. 

When used for loaf -making the process is different and the 
tubers as floated out of the ground are only dried completely in the 
sun and not burnt or roasted. It may then be used alone or mixed 
with either wheat or barley flour. 

The third plant whose use for food in the nalkant/m has come 
specially to notice during the present famin.e season is the common 
nymphea water-lily of the nal, known locally as poyana. Little 
seems to have been recorded hitherto of this material, but it has 
been largely employed in the present season as human food in two 
forms. The first of these consists of the tubers oi the poyana plant, 
termed handa, which are roa.sted in. ashes in exactly the same way as 
is done with onions or potatoes, and consumed in this condition. 
Though this is the usual method of consumption, yet the tubers are 
also prepared by boiling in the manner usual with other vegetables. 


• Boasted green jowar » 
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The second part of the poyam plant used as food consists of the 
fruits, termed hmpan, or jUohn, and the seeds termed lampdi of 
lampan. In order to prepare the seeds for use, the fruits are collected 
and dried in the sun for three or four days. The seeds are then 
gathered, and cleaned of refuse by the usual method of the sup 
(winnower), and are finally milled into flour. The flour so pre- 
pared is mixed with wheat or barley flour to the extent of twenty- 
five to fifty per cent, and made into bread as usual. The taste 
is unpleasant and the smell is objectionable, but the bread made 
is very light. 

The analysis of the tubers and seeds of poyam gave figures as 
follows : — 




a 

b 



Dried 




tubers 

% 

Seeds 

/o 

Moisture 


4-20 

6-40 

Ether extract (fat) 

• •• ••• 

0-45 

1-30 

Protoids 

• •• • • • 

14‘56 

11-31 

Digestible carbohydrates 

... 

67-49 

70-69 

Woody fibre 


5-45 

7-46 

* Ash ... ... 


7'85 

3-95 



100 uu 

100 00 

* Containing sand 

. - 

0*28 

0-46 

The poli of pan, derived, as 

already stated, from the fibrous 


rush Typha angusiata, consists of the pollen from the inflorescence 
of this plant, which is used as flour. Its use for this purpose has 
been frequently recorded. It is stated to be commonly employed 
in Sind, and it has certainly been eaten in various parts of the 
Bombay Presidency in previous famines. The method of use in 
the mlkantha is to collect the inflorescence in the morning when 
there is no wind, and then to rub the pollen ofi on a cloth. The flour 
thus obtained is moistened with water and made into cakes termed 
dhoJcalan, which are wrapped in cloth and then roasted over a 
heated brass vessel. The cakes are sweet, yellow in colour like 
turmeric, and are quite palatable as human food. 



A FEW HINTS ON LABELLING IN 
EXPERIMENTAL STATIONS. 


BY 

T. S. VANKATARAMAN, B.A., 

Ag. Government Sugarcane Expert, Coimbatore. 

In every farm where experimental work is being carried on, a 
quick, cheap and efficient system of labelling is often of very great 
importance. Occasionally one comes across farms where there are 
practically no labels in the field, and the officer in charge has to 
unroll each time a parchment scroll in which the plans of plots and 
other details are fully entered up. Besides the waste of time in- 
volved in the process, the visitor, especially if new, always feels 
some uncertainty that, in the particular instance, the plan has 
perhaps not been correctly interpreted with reference to the plots. 

The ideal would appear to be to give in the labels as much 
information as possible. This will enable the visitor to obtain a 
general idea of the nature of the experiments being carried on 
without much help from the staff who nray not be always available. 
Again, the members of the staff would be enabled to form certain 
ideas as to the various plots without always having to carry with 
them bulky notes and diagrams. It is a matter of common 
knowledge that while taking an evening stroll along the plots 
certain ideas force themselves on one’s attention much more readily 
than when the plots are examined with the idea of “ study.” On 
such occasions the use of plot labels with full details is obvious. 

Owing to the very large number of varieties that are planted 
at the Cane Breeding Station each year — of late we have been 
planting as many as 2,000— the need was felt even from the outset 
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for a ch,eap and efficient system of labelling. In fact, it is felt that 
th,e absence of an efficient system of labelling has been a fruitful 
source of mistakes in naming in the past. It was further found 
that the requirements at the Cane Breeding Station were of a varied 
character, and differeri.t types had to be evolved to meet all the 
requirements. 

One of the earliest to be tried was the type represented in 
Plate IV. These labels consist of pieces of deal-wood from old packing 
cases thinly coated over with white paint and nailed to bamboo or 
iron uprights. They are easy to write over with pencil, and retain 
the impressions fairly well for over a year. The deal-wood boards 
can be used over and over again by merely cleaning the surfaces — 
occasional sand-papering or planing being required in cases where 
the surfaces are badly injured — ^and recoating with white paint. 
The picture opposite (Plate IV) is a photograph of labels of this class. 
Nos. 1 and 2 are fresh having been in the field only 2 to 3 months, 
No. 3 is 4 months old, Nos. 5, 6 and 7 over 14 months, and No. 4, 
18 months. No. 8 represents what may be called a war-time label. 
With the scarcity of deal-wood boxes their prices rose very high and 
an attempt was made to use a thin slice of the bamboo rind with 
successful results. This label (No. 8) is over one year old and was 
quite satisfactory at the end of the period. 

The white paint used for coating these label boards is easily 
available from any bazaar and is sold ready mixed in kegs of 8 to 
10 lb. When freshly opened the paint is in a satisfactory condition 
and all that is required is to mix it with a little turpentine. If too 
much turpentine is added the coating shows a tendency to peel off 
in flakes. There are many brands in the market and the proportion 
of turpentine varies with each brand and the condition of the 
contents when opened. This is, however, soon learnt by experience. 
To obtain the best results it is essential that the paint should be 
laid on the labels in a thin even layer. When, by frequent ppening 
of the lid, the paint gets solidified small quantities of linseed oil 
have to be added and the paste well ground and mixed. Great 
care should be taken not to mix too much oil or else a glossy surface 
is produced on which it is difficult to write. Each keg of white 





PLATE IV. 



LABELS WITH DEAL-WOOD BOARDS COATED 
OVER WITH WHITE PAINT. 


Nos. 1 and 2 about three months old; No. 3, 4 months; Nos. 5, 6 and 7 over 14 
months; No. 4, 18 months; and No. 8 over a year. In No. 8 the board is made of a thin 
slice of the bamboo rind. 

The zinc board seen over No. 1 is intended to prevent the label surface being soiled 
with excreta of birds perching on the top of the labels. 
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point, sufficient to coat 800 label boards 6" x 3^'', which previous 
to the war cost Es. 3-8-0, now cost Es. 12. The following state- 
ment gives the relative coat of the different types of labels 
represented in Plate IV. 


Statement showing the relative cost of 100 labels of the different types represented 

in Plate IV. 


Sizes 

1 

Nature of stake 

Total cost 
per 100 

Cost of annual 
renewal of 
stakes 

Rbaiabks 


! 

1 I 

R. A. P. 



Label 10" X 6", 
stake 4" hiprh 

Iron 

47 12 0 

No renewal 
needed 

1 Nos. 1, 3 and 4 are of this 

Ditto 

Pieces of areca- 
nut palm 

9 0 0 

3 8 0 

r class. 

Ditto 

Bamboo 

00 

o 

1 12 0 


Label 6" X SJ". 
stake 3^' high 

Iron 

23 8 0 

! 

No renewal 
needed 

1 Nos. 2» 5, 6 and 7 are of this 

Ditto 

Pieces of areca- 
nut palm 

5 4 0 1 

1 

! 

j 2 8 0 

j class. 

Ditto 

Bamboo 

4 2 0 

1 5 0 


Label 3i' X V, 
stake 4' high 

Bamboo 

1 0 0 

These can be 
used only once 

No. 8 is of this type. The 
label board consists of a 
thin slice of bamboo rind 
in place of wood. 


Note 1. This statement is based on figures obtained when the 
Indian market was unaffected by the war but the altered prices 
chiefly affect only those with iron stakes. 

Note 2. The gradual disappearance of the iron stakes led to 
their substitution by pieces of the areca-nut palm or bamboo. 

Note 3. In the above statement the cost of deal-wood boxes is 
included, but it is to be noted that odd bits of deal-wood are 
frequently available in any large office. 

Note 4. The zinc hood seen over the label board in No. 1 is 
intended to prevent birds perching on the top and disfiguring the 
label surfaces with droppings. 

Note B. As a precaution against white ants, portions of stakes 
driven into the ground should be carefully painted with tar. 

It was found, however, that these deal-wood labels were not 
suitable where a certain amount of detail had to be entered up. 
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This introduces us to a system of “ plot labels,” which have been 
found to be of great use at the Cane Breeding Station. In 
examining each plot of seedlings, for instance, it was felt that it will 
be a great convenience to have in the field a plan of each plot 
together with a certain aiuoimt of information about the parents. 
Reference to lists or papers, while in the field, is cumbersome and 
liable to miss out importaxit details. Plate V is a photographic 
reproduction of such labels. No. 1 — ^Fig. 1, and Nos. 1 and 2 — ^Fig. 2, 
are 6 months old, while No. 2— Fig. 1, and No. 3— Fig. 2, are over 14 
months old. The labels when laid down give an exact plan of the 
plots against which they are placed. These labels are prepared in 
the following manner. The label is first written with pen or pencil 
on thin mounting paper or thin cardboard and subsequently dipped 
in melted paraffin. The pen is not so easy to write with as pencil but 
the labels are much clearer [Plate VI, fig 1 (Nos. 2 and 3)]. White 
paraffin wax 1 35-140° F. is quite suited for the purpose. The labels 
should be dipped m paraffin which has been melted for some time, 

and taken out almost immediately. The 
right temperature is soon learnt by experi- 
ence. If too hot the label comes out brit- 
tle, and if not quite fully and uniformly 
melted the parafiin shows a tendency to 
stick to the paper in odd patches. To 
economize the quantity of paraffin and to 
avoid the labels having to be bent at the 
time of dipping— if thus bent the labels 
show a tendency to return to this shape 
for a time — 'it has been found useful to 
The vessel used to melt employ a tin vessel shaped according to 

paraffin wax in. , , i , i 

the sketch in the margin. 

Such a vessel, with pieces of solid paraffin in it, is immersed to 
below its mouth in a bucket of water and the water brought 
almost to a boil. This melts the paraffin inside the tin vessel and 
keeps it in a liquid condition for a fairly long time. 

The labels after treatment with paraffin are fixed to label boards 
similar to those figured in Plate IV by means of eyelets and copper 





EXPLANATION OP PLATE V. 


These labels are made of paraffined paper and are useful in oases vhete it is 
desired to enter a certain amount of detail on the labels. These are unafieoted hy 
sun or rain and o^n be washed with soap and water. 

No. 1 (Fig. 1 ), and Nos. 1 and 2 (Pig. 2), are over 6 months o]d. 

No. 2 (Fig. 1), and No. 3 (Fig. 2), are over 14 months old. , 

The paraffining renders the labels shiny, a serious handicap to a 
{hotographio reproduction. The actual labels are much clearer. 











EXPLANATION OF PLATE VI. 


Nos. 1 and 2 (Fig. 1) illustrate the efficacy of paraffining against the attacks 
of the silTer-fish. Both were hanging against a wall surface for over three years 
and No. 2 was paraffined. No. 3 (Fig. 1) illustrates the use of paraffined labels for 
seed'l^ans which require constant watering. 

Fig. 2 is a photographic reproduction of ground-glass labels, the bottom one 
re-wntten after 7 years’ exposure in the field and the top one as it was after 
this period. 
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tacks. Iron tacks are not satisfactory as they soon rust. These 
labels are not affected by sun or rain and can easily be washed 
with soap and water if they get soiled with mud or dirt. Occa- 
sionally, durmg close moist weather ring-shaped outgrowths (prob- 
ably fungus) are seen, but these are easily kept out by occasional 
cleaning with dilute copper sulphate solution. In the preparation 
of these labels the cost of paper and paraffin is only nominal and 
the prices of the labels as already given in the statement hold 
good for these as well. 

Plate VI, fig. 1 (No. 3) shows this form of label as used for 
seed-pans at the Cane Breeding Station. In the earlier stages of 
germination sugarcane seedlings require to be watered sometimes 
as often as six times during the day . The quality of being unaffected 
by water has made these paraffined labels very useful for the 
purpose and they are very cheap, costing less than an anna per 
hundred. 

Another use of paraffining is illustrated by Nos. 1 and 2, Fig. 1, 
Plate VI. The need often arises to hang, against wall surfaces, 
plans, tables, charts or notices of a permanent nature and in such 
conditions the silver-fish is very troublesome, frequently eating 
them so badly as to make them useless for reference. Nos. 1 and 2 
have been hanging against a wall, side by side, for over three years, 
and the effect of paraffinii’g (as shown by No. 2) is very striking. 

A very neat and permanent, though rather expensive, form of 
labelling is illustrated in Plate VI, fig. 2. Glasses are ground and 
the details written on the ground surface by means of waterproof 
ink. The glasses are now backed with white paint and slipped into 
a zinc frame, the front being protected by an extra glass to prevent 
the rain getting on to the label. Air spaces are provided behin.d the 
label glass, and in between the label and the front glass. The 
bottom picture represents such a label re-written after over seven 
years and the top one as it was after this period. The front 
protecting glasses have been removed for purposes of photography. 
Such labels are very neat, more or less permanent (perhaps requiring 
just a re-writing once in six or seven years), and their use as 
permanent labels in botanic gardens and museums is obvious. 

4 
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With 3^' iron stakes they cost Rs. 2-8 each before the war. 
The groimd glasses need not be purchased as such. Broken panes 
or washed negatives could easily be ground by rubbing against one 
another with finely sieved wet sand in between. 

Though it first appears simple yet the position of the label in a 
plot is of some importazice. In many of the farms the label is 
placed in the centre of the variety to which it refers and it is often 
difficult to say where one variety ends and another begins. At 
the Cane Breeding Station the label is always fixed at the left hand 
bottom corner of each plot. 

This article is based on experience in labelling gained at the 
Botanic Gardens, Coimbatore, and the Cane Breeding Station during 
the last ten years. I am indebted to Dr, C. A. Barber, C.I.E., 
Government Sugarcane Expert, for help and advice in the course of 
this work. 



THE IMPROVEMENT OF FRUIT PACKING 
IN INDIA. 


BT 

ALBERT HOWARD, C.I.E., M.A., and G. L. C. HOWARD, M.A., 
Imperial Economic Botanist; Second Imperial Economic Botanist.. 

When the Quetta Fruit Experiment Station was established 
in 1911, one of tlie main items of the programme of investigations 
was the best moans of improving the packing and transport of the 
fruit produced in Baluchistan. The earlier results were published in 
1913 in Bulletin No. 2. A second revised edition was printed in 
1915 and during the present year, 1919, a third edition has been 
called for. In the present paper it is not proposed to repeat the 
contents of these bulletins but to direct attention to the main 
results obtained and to refer briefly to certain general principles 
which have emerged from the work. 

Improved fruit boxes were first placed on the market at Quetta 
in 1912 when the sales reached Rs. 700 in value. The demand 
rapidly increased during 1913 and 1914 and in 1915 boxes to the 
value of Rs. 5,000 were sold by the middle of the season, by which 
time the available stocks had disappeared. During the three 
succeeding years, 1916-18, the provision of adequate supplies 
became difficixlt due to high prices, to the shortage of timber and 
to the railway restrictions in force throughout India. The work 
however was continued and the sales reached Rs. 8,000 during the 
present year (1919) although the stock ot the popular non-returnable 
crates was exhausted early in the season. 

In 1919, the Frontier fruit trade laboured under many dis- 
advantages. The war with Afghanistan was in progress and for 
a time the supply of Kandahar fruit stopped altogether. The 
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52 


AGRICULTURAL JOURNAL OP INDIA 


(XV, I. 


border was disturbed, raids were frequent, and delays on the 
railways were unavoidable. That the sales of fruit boxes reached the 
highest point under such adverse circumstances speaks tor itself. 

Two railway concessions have proved of material advantage 
in the introduction ol modern packing methods among the fruit 
dealers. In 1916, the Railway Conference Association agreed to 
our proposals that all parcels, including fruit, should be grouped 
for purposes of charge and that four types of returnable boxes, 
recommended by the Fruit Experiment Station, should be returned 
free trom all stations in India to Quetta and Chaman. These con- 
cessions are now being very generally utilized and they have greatly 
stimulated the use of the 24-punnet returnable grape crates and 
of the cardboard peach boxes. 

Seven types of fruit boxes are now on sale at Quetta. For 
peaches, nectarines, cherries, apricots and plums, three sizes of 
compartmented cardboard boxes have become popular. For the 
grape trade, the 2-lb. punnet is the unit adopted. These are set 
up in crates holding 8, 16 or 24 punnets arranged in tiers separated 
by lath floors. One of the returnable 24-punnet grape crates is 
shown in the figure below. 



A 24-punnet returnable crate. 


About a thousand of these returnable crates were sold during 
1919, the retail price being Rs. 5-8 each. This is a high price to 
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pay for a fruit box considering the fact that the ordinary baskets 
and boxes in use can be purchased for a few pence. The dealers 
readily pay cash for these expensive ciates and theoidy difficulty 
is to assemble sufficient to meet the demand. The advantages of 
packing the grape crop direct into punnets in the vineyards are 
now being recognized and the large returnable crates supplied by 
the Fruit Experiment Station are a common sight on the roads 
leading to Quetta. Already the larger dealers are considering the 
question of getting this type of package introduced into the vine- 
yards of Kandahar. 

There is no reason why the strongly made standardized return- 
able fruit package should be confined to Baluchistan. The principle 
cculd be easily adopted in the North-West Frontier Province, in 
Kashmir, in Kulu, Kumaon and in other parts of India. The 
Kail ways liavesiiown their willingness to assist, by meansof valuable 
concessioi's, the efforts made to improve fruit packing in Baluchis- 
tan, and there is r.o reason to suppose that equally effective 
assistance would not be given to other fruit-growing localities. 
Ihe non-rigid type of fruit package of the basket type is not 
adapted for long journeys under Indian conditions and its place 
should be taken by lelurnable boxes and crates by which the 
carrying capacity of the railway vans can be greatly increased 
and by which the traffic can be inoie easily handled. By such 
methods, the product reaches its destination undamaged and 
therefore commands an enhanced price. 

Our experience in removing the disadvantages under which 
the fruit trade in Baluchistan formerly laboured and in establishing 
modern methods of fruit packing has bi oughtcut twe things— the 
rate at which time-honoured practices and ideas change in India, 
and the importance of time and patience in implanting a new idea. 
When in 1911 we commenced these investigations, we were told 
on all sides that cheapness was the first condition of success in 
placir.g new packages on the market. We were constantly reminded 
that the grape baskets and old kerosine oil boxes then in use were 
cheap and that they could be purchased for very small sums. When 
the 24-punnet returnable grape crates were first brought to the notice 
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of the dealers, they were considered too expensive and altogether 
unsuited to the conditions of the local trade. A few of the more 
advanced merchants, however, .ngreed to try them. The grapes 
Were foiind to travel perfectly even to places as distant as Madras. 
A change in the attitude of the trade then began to make its ap- 
pearance. A demand from the more advanced cities like Bombay 
that Baluchistan grapes should be packed in punnets followed 
and from that time success has been assured. The difficulty has 
been to meet the demand rather than to sell the crates. Nothing 
is now heard about the cost. 

Time is a factor in India in the introduction of new methods, 
to which insufficient attention is often paid. This is specially 
important where trade is concerned. Dealers of all kinds have 
little leisure and practically all their working hours are spent in 
details connected with purchase, sale and finance. Particularly is 
this the case with the Frontier fruit dealers whose output of work 
during the fruit season, considering the means at their disposal, is 
extraordinary. They have absolutely no time for experiments or 
for anything else beyond the day’s work. To reach such men, 
patience is essential and they must be given ample time for new 
ideas to sink into their consciousness. 

This experience proves that too much attention can be paid 
to the first ideas of the people of India towards new methods. 
They are certain to be frankly sceptical at first and to exhibit that 
conservatism which is so valuable in protecting the race from 
disaster. The inventor must therefore be prepared lor this and 
when he is fortunate enough to discover a real improvement and 
the best thing possible under the circumstances, he should 
resolutely persist in keeping it before his public year after year. 
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PLANT-BREEDING AND TROPICAL CROPS A 

BY 

W. BATESON, M.A., F.R.S., 

Director of the John Innes Horticultural Institution. 

Knowledge of what can be done by scientific plant-breeding 
in the improvement of varieties is gradually, though very slowly, 
spreading among those engaged in the raising of vegetable products 
commercially. In Europe and the United States, work, both 
experimental and directly economic, is being undertaken on a 
considerable scale. The most vigorous and extensive of these 
enterprises are naturally to be found in temperate countries where 
the prosecution of science is endemic, and of necessity it is to the 
products of such countries that attention Las been chiefly devoted. 
The crops of these regions, however, have already with one or two 
exceptions been put thi-ough several stages in the process of 
improvement. Most of them have been in the care of man for long 
periods of time, their cultivation being indeed one of the earliest 
signs of incipient civilization. Such plants as wheat, maize and 
the other cereals, the grape, the olive, and our garden fruits have 
been so lon.g the subjects of human attention and effort that, though 
certainly new and better types may still be created, no advance 
comparable with that which distinguishes them from their nearest 
wild relatives can be expected. Of the exceptions among these 
very anciently domesticated plants, flax is by far the most 
remarkable. Though so long in cultivation that its wild origin is 
uncertain, its improvement seems to have stopped before history 
begins. When a plant has no thoroughly distinct and named 


• Reprinted from Production, Agricultural Number, July 1919. 
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varieties we may be pretty sure that it has been neglected by the 
breeder. 

Domesticated flax {Linum mitatissimum) has been separated 
into two distinct groups, those for oil and those grown fox fibre. 
There are several forms of oil flaxes, in all probability recently 
differentiated, but fibre-fliax, at least as grown in Europe, though 
sold under various names according to the place where the seed was 
raised or whence it was shipped, shows only trifling differences. 
If any field of flax is examined plants will be found, perhaps one in 
many thousands, which are about a third as tall again as the 
ordinary plants. If the flowers of these tall plants are covered 
to exclude insects, their seeds will be found to give exclusively 
tall plants like the parents. Flax is commonly a self-fertilizing 
plant, and all that is necessary to the fixation of such an improved 
variety is to breed it in conditions of isolation until a bulk of seed 
sufl&cient for economic purposes has been raised. 

The improvement of a plant is to be achieved only by the 
deliberate act of man. Each such act is in its degree of the nature 
of an invention. The ordinary man is content with the type he 
finds. He is devoid of imagination and unable to free himself 
from the limitations of conventional practice even to the very 
moderate extent necessary for the application to a new example 
of methods long ago developed in other cases. In order to improve 
the familiar and long cultivated plants two distinct kinds of inter- 
ference are generally necessary. The new variety has not only 
to be selected and multiplied but very often it must first be created. 
This is a much more complicated operation. Laymen still vaguely 
suppose that improvement is a mere incidental consequence of 
prolonged cultivation. Almost all novelties, however, are really 
the result of an act of cross-fertilization between distinct types. 
The novelties do not usually appear in the offspring immediately 
resulting from the cross, but in the later, derivative generations, 
sometimes by recombination of elements which the parents res- 
pectively introduced ; but sometimes, and perhaps more often, 
a process of disintegration of the elements supervenes, which leads 
to the production of inter-gradations possessing new properties. 
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To this disintegrative process, for example, the beautiful aeries of 
Sweet Peas, which have been such an astonishing addition to 
horticulture, is almost wholly due. To carry out these operations 
and turn them to account is a very intricate business. 

The object of this pjiper is to attract the attention of practical 
men to the immense field of profitable activity which is open in 
the improvement of many exotic crops by the simple selection of 
valuable t}'pes already existing. 

That this has been so long deferred seems to those accustomed 
to handle plants truly amazing. The profits to be gained by the 
fixation of improved varieties are incalculably large. No one plants 
an orchard by sowing seeds of any tree which can be called a plum 
or an apple, regardless whether it be a sloe or a Victoria, a crab, a 
Cox’s orange, or a Bramley. Yet thousands of acres of rubber 
and coconuts are sown in a fashion of which this description is 
scarcely a caricature. It is to crops of this order, plants which 
are grown from seed and have only been deliberately cultivated by 
civilized man for comparatively short periods, that these comments 
especially apply. 

Coconuts and dates are both the fruits of palm trees. Of 
dates there are scores of named varieties, but coconuts are just 
coconuts.* What is the reason of this strikmg difference '( 

It is a consequence of the fact that whereas coconuts are all 
grown from seeds, dates, whenever they are cultivated by intelligent 
people, are grown from off-shoots. The off-sboots provide a means 
of vegetative reproduction, so that all the plants raised from 
the off-shoots of one tree are pieces of one individual and merely 
replicas of it. In the course of ages many good date-palms with 
various fine properties have been noticed and multiplied in this 
way, so that large uniform plantations of them exist. In Mexico, 
I understand, dates are grown from seed, with the result that the 
crop has no uniformity, and, consisting of good and bad indifferently 
mixed, is comparatively worthless. Such a crop cannot compete 
with the produce of a properly constituted plantation. Coconut 


* Thoro are, of course, some local race% very imperfectly difierontiated. 
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palms, like almost all plants, differ enormously, some individuals 
producing many, others few fruits, and the differences in quality 
are doubtless equally great. It is true that no one has, I believe, 
yet succeeded in multiplying the coconut palm by division, but I 
doubt whether really exhaustive experiments have been made 
with this object in view. Assuming, however, that the coconut 
cannot be vegetatively multiplied, and that it must, as heretofore, 
be raised from seed, the next best course is to make certain that 
the nuts used for sowing are the produce only of specially selected 
trees. In the case of coconuts planters are indeed advised to 
choose nuts from good trees, but they seem to think that they 
have done all that is requisite when they have selected them from 
the best mothers, no ('ffort or inquiry being directed to the 
paternity of the seeds chosen. Whether this plant is capable of 
self-fertilization has probably never been determined. The male 
and female flowers, though near each other, are separate and 
it is not unlikely that by the males and females coming to 
maturity at different times, or by some similar contrivance, a 
considerable percentage of crossing is effected. 

No very serious labour would be needed to ensure that nuts 
chosen for planting were not merely born'C by first-class trees, but 
the result of pollination either from the same tree, or perhaps pre- 
ferably from others equally good. To accomplish this would 
be no very difficult ui'dertakmg. It is to be remembered that 
the plantation is to be cropped for some seven.ty years. With 
this long prospect in view it seems scarcely credible that such 
obvious precautions should be neglected. 

If coconut were a Euiopean plant w^e should certainly have 
varieties differentiated for the production of copra, coir, etc., respec- 
tively, but such finesse in the circumstances w'ould be premature. 

Rubber is another product to which what lias been said regard, 
ing coconuts conspicuously applies. 1 am speaking, of course, 
of rubber as produced by the cultivation in various tropical coun- 
tries of Heveu hrasiliensis. One has merely to walk through a 
lubber plantation to perceive the urgent need for selection. The 
rubber trees are all raised from seed, just as coconut palms are, 
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with the same result, that good and had and indifferent are all 
grown together. Each takes the same area of the clearing prepared 
with great labour for the plantation. Each needs the same atten- 
tion and care, but the output of the several trees is altogether 
different. In a recent discussion on these subjects at the Royal 
Society of Arts, I ventured to call attention to the opportunity that 
was being missed by rubber plaiiters, pointing out that if planta- 
tions wore planted with only the moderate amount of care which 
ordinary selective methods demand, the output might be rapidly 
increased. In reply, the Chairman, a gentlemirii largely iiderested 
in rubber, stated that there wa,s no direct evidence of a great 
variation in. yield anxoi'.gst diftereii.t trees, and tlnit. in consequence 
the use of seed was not objectionable. I had in min.cl, however, 
not meiely verbal reports of persons familiar with, rubber-growing, 
but several precise records giving acitual measurements. For 
example, W. H. John.son {CnUtire and Preparation of Para Robber, 
1909, p. 27) states that “the yield of rubber fnun different trees 
growing under similar coi'.ditim'S in the same plantation varies to 
an. ej'ormous extent.” He further quotes experiments of Veinet 
{Jour, d’ Agric. Tropicale, 1907) which gave differen.ces rangin.g 
between, the following extremes : in volume of latex, from 4 to 48 ; 
in percentage, caoutchouc from 29‘28 to 39'74. 

R. H. Lock {Rubber and Rubber Planting, 1913, p. 74) VTOte : 
“ It is M'ell known that rubber trees possess marked iiidividuality 
as regards the amount of latex which can be drawn, from them. 
Tapping coolies, if left to themselves, soon, discover these differences 

and confin.e their attention to the best yielding trees 

Among a group of 29 trees of un.iform age tapped daily, the highest 
and lowest average yields for the first 30 tappings were, respectively, 
166 and 8 cubic centimetres. The circumferen.ee of these two 
trees was 52 and 32 in.ches, respectively, and they were not the 
largest and smallest trees in the group. The yield per inch 
of bark removed was in the ratio of 317 to 25, or more than 12 
to 1.” Lock was, of course, not only a sound botanist, but an 
expert plant-breeder. He urges a rigorous seed-selection in the 
founding of rubber plantations. Had he lived he would probably 
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have done much to reform tropical agriculture, infusing the practice 
of planters with the spirit of accurate knowledge. The rubber 
tree would indeed be a remarkable exception among cultivated 
plants groAvn from seed, which have never been strictly selected and 
purified, if it did not vary enormously. Such variation is almost 
universal. Plants like our modern cereals and peas which present 
an approximation to complete uniformity have been reduced to 
pure strains by the seedsman’s art. Each variety of wheat or of 
peas, though it may now be represented by many millions of plants, 
descends from a single individual which was deliberately chosen 
as showing desirable properties. From various causes, impur- 
ities occasionally get introduced, and these it is the seedsman’s 
task continually to extirpate. In wheat and peas, which are usual- 
ly self-fertilizing plants, this process of purification is compara- 
tively simple. But in most plants which are habitually fertilized 
by pollen from other individuals, borne by insects or by the wind, 
pure strains are only maintained with great difficulty, elaborate 
precautions to ensure isolation being part of the regular routine 
of seed-raising. If it were true that a pure strain of a plant like 
Hevea (which is almost certainly in sect -fertilized) has come into 
existence without the intervention of human agency, the fact would 
constitute something of a natural cmiosity. 

In the case of Hevea the most obvious course is to multiply 
good trees by means of cuttings. At Peradeniya the attempt to do 
this on a large scale failed, only one cutting in 3,000 succeeding, 
but others have cuttings without special difficulty, and it can scarce- 
ly be doubted that after a little experimenting a satisfactory 
and reliable mode of procedure would be discovered. The planta- 
tion which first succeeds in putting this simple suggestion into 
practice must infallibly outstrip competitors who are content to 
follow primitive methods. The life of a coconut plantation is, 
as was said above, reckoned at over seventy years. Eubber plant- 
ing in the East Indies is an undertaking of such recent origin that 
no one yet knows how many years the trees will continue to yield 
rubber in quantity, but c^ainly the period is a long one, and during 
the whole life of the plantation the benefit will accumulate. 
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Though rubber and coconuts are the crops to which these 
suggestions apply with the greatest force, there are several more 
which will occur to those acquainted with tropical agriculture. 
Lock, in the passage quoted above, refers to the extraordinary 
results obtained by the Dutch in Java by applying methods of 
seed-selection to Cinchona, thereby nearly doubling the yield of 
alkaloid. 

In these cases simple selection of the best types already existing 
would have incalculable effect. To suggest experimental breeding 
of these trees with a view to still further improvement may be a 
counsel of perfection. Not improbably, however, though the 
reward of that work might be distant, it would eventually be ample. 
So much work is already set on foot under the auspices of our own 
and other governments for the development of tropical agriculture 
that the comparative neglect of these important tree-crops is not 
easily explicable. 

There are other tropical crops which, though liable to much 
cross-fertiliai,tion, must be raised from seed. Of these, cotton 
is one of the moat important. To the improvement of cotton, 
much highly skilled work has been devoted. Leake in India and 
Balls in Egypt, not to speak of plant -breeders in America and 
elsewhere, working on strict genetic lines, had a considerable measure 
of success in their attempts to raise new varieties of commercial 
value. Burkill and Finlow have made a beginning with jute, 
which at present consists of a mixture of most divergent forms. 
The difficulty is first to work up the seed to a quantity sufficient 
for economic purposes, and if that were effected, to maintain the 
new variety pure when distributed among the agricultural popula- 
tion. Seeing that the country will, of necessity, be full of the old 
unpurified forms hitherto in use, even a small percentage of crossing 
must soon lead to serious deterioration. The only proper solution 
is to separate the seed-raising as a distinct industry. To grow 
the crop may tax the intelligence of the average agriculturist, 
but to raise good seed is altogether beyond him. Ordinary farming 
practice'in the case of mangels will serve to illustrate what I mean. 
No farmer thinks of raising the naaugel seed which he wants to 
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sow for his owd crop of roots. If he saved a few roots for seed, 
his neighbours doing the same, nothing but a lot of heterogeneous 
mongrels woidd result. Eaising mangel seed is an art, and only 
a trained seedsman can carry it through. I have no doubt that 
in the future seed of high class cotton, etc., will be specially raised 
as seed. To do this with accuracy it is not unlikely that special 
areas will be set apart for seed-raising and some of the smaller 
islands, for example in 1.he West Indies, might perhaps do well 
to take up such an industry.* 

Provided that cross-fertilization by inferior varieties is excluded, 
there is no likelihood of detcrioratioi; by mere variation. Upon 
this subject the deepest igj'orance still prevails even among professed 
naturalists. It is common, for instance, to meet the statement that 
the seeds of cultivated apples give mostly crabs. Li. the light of 
modern knowledge, we nmy feel practically s\ire, if such a pheno- 
menon really occurs, which is not often, that the “reversion ” is not 
due to the variability of the seed-bearing parent, but to crossing. 
To such crossing, the pollen of some wild form in uncultivated 
ground nearby naay sometimes contribrite. It is, }io doubt, conceiv- 
able that two cultivated varieties of apples crossed together may 
produces crab, but there is no evidence which suggests tliat this 
consequence is in the least degree likely, and at any rate we may 
feel perfectly sure that only by some rare exception could a self- 
tertilized fine apple produce a crab, or a self-fertilized fine plum 
produce a sloe or a bullace. Those who are engaged in, practical 
agriculture, and in the admmistration of agricultural interests, 
have cometo realize that science in the form of plant-pathology and 
entomology can aid them. Yet in the case of the hitherto “ unim- 
proved ” crops of the world, the call for the services of the plant- 
breeder is, I am disposed to think, far more urgent. No improve- 
ment in the conditions can convert a poor variety into a good one, 
a truth which lies at the root not only of agricultural progress but 
of social reform also. 


♦ Since writing this I liear from Mr. S. C. Harland, of St. Vincent, that a small island, 
hfi*lf a mile distant, is there actually used for seed -raising. 



THE WORK OP THE ROTHAMSTED EXPERIMENTAL STATION 

FROM 1914 TO 1919 .♦ 


BY 

E. J. RUSSELL, D. Sc., F.R.S., 

Rothamsfed Experimental Station, Harpenden, Herts. 

The work ot the Rothamsted Experimental Station during 
the last five years falls into two main groups ; problems connected 
directly with the war, and those coimected with the development 
of agriculture after the w.ar. The war work had the advantage 
that its significance was obvious, but on the other hand some of it 
was only of temporary importaiuie, and depreciated considerably 
in value with the passing of the emergency with which it was intend- 
ed to deal. The other work has more permanent value ; it holds 
good even after the emergency has passed, but during the war it 
was sometimes overshadowed by the more pressing and immediate 
needs of the moment. 

War work at Rothamsted. 

During the first year of the war very little direct war work was 
done at Rothamsted. Food was still coming into the country in 
large quantities and there was no great interference with food 
production at home. Supplies of fertilizers and feeding stuffs were 
ample. There was, however, fear of unemployment, and three 
schemes were examined at the request of the Board of Agriculture 
with the view of ascertaining whether they would usefully employ 
any considerable number of men, and if so, whether they would con- 
tribute to the national profit. These were a proposed development 


♦ Reproduced from The Journal of the Board of Agriculture^ vol. XXVI, no, 5 . 
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on Foulness Island in Essex, the suggested afforestation of the 
spoil heaps and pit mounds of the Black Country, and the reclama- 
tion of Pagham Harbour in. Sussex. None of these schemes was 
further developed, though two of them — the planting of the spoil 
heaps in the Black Country and the reclamation of Pagham Harbour — 
possess aspects of permanent interest. The spoil heaps are 
useless and unsightly ; they can, however, be planted with trees, 
when they take on a very different appearance, as shown at Reed 
Park, Walsall. Although the financial returns may not be very 
great, the improvement in the amenities of the district would be 
considerable. The proposition is, however, hardly an agricultural 
one. 

The most important war work began in 1916, when the food 
situation gave cause for much anxiety. The position was really 
very serious. The submarine menace was looming before us, 
terrible in its unfamiliarity, conjuring up visions of food shortage* 
if not of starvation ; the only way out of the situation seemed to be 
the production of our own food in our own country. At the time 
we were producing only one-half of our total food, and the remainder 
was coming from abroad. When examined in detail the position was 
found to be more serious than it looked. The food produced at home 
included more of the luxuries than of the essentials. It included, 
for instance, the whole of the highest quality meat; but only one- 
fifth of the bread. The farmer was, therefore, called upon to perform 
a double task ; he had to produce more food, and different food. 
He had to give us, not one loaf out of every five that we ate, but 
three or four out of every five, and to do this without causing 
too great a shortage of milk, meat, and, if possible, beer. The 
situation presented many difficult administrative, financial and 
technical problems. The technical problems involving soils and 
fertilizers were dealt with at Rothamsted. 

The fertilizer problems arose out of the necessity of making 
the very best use of the limited stocks of the ordinary fertilizers, to 
which the farmer was accustomed, and of examining any and every 
substitute that promised help in eking out the supplies. Fortu- 
nately, a good deal of information could be drawn from the 
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Rothamsted and other experiments as to the best way of using ferti- 
lizers on particular crops. This was systematized and put in order 
in a little handbook called “ Manuring for Higher Crop Production,” 
issued at a cheap price (1917 : 3s. 6d. net) by the Cambridge Uni- 
versity Press so that the farmer could readily obtain it. In addition, 
a series of notes was issued in “ The Journal of the Board of 
Agriculture ” showing how the available supplies might best be 
utilized. 

It was more difficult, however, to give useful information 
about the substitutes that would be needed if and when the fertilizer 
supplies became too much reduced. Ordinarily fertilizer tests 
have to be continued for two or three successive seasons before a 
definite opinion can be expressed as to their value ; during the 
war, however, some sort of opinion had to be given in three or lour 
weeks. Rapid methods of laboratory testing were therefore 
developed : growing seedlings were used to indicate whether (as not 
infrequently happened) toxic substances were present ; rates of 
nitrification in soil were determined to find out how far the substance 
would yield nutrient nmterial to the plant ; farm crops were grown 
in pots to afford opportunities for testing any material that might 
seem promising. A considerable number of possible fertilizers 
were sent in for examination by the Board of Agriculture and Food 
Production Department, the Ministry of Munitions, the National 
Salvage Council, and other bodies. 

Much of the information was wanted for the purpose of eco- 
nomizing sulphuric acid, so that the maximum quantity might be 
handed over to the Ministry of Munitions for the manufacture of 
explosives. In peace time the farmer had been the chief consumer 
of sulphuric acid ; in 1917, however, the Ministry of Munitions 
were requiring all the acid they could find, and were leaving much less 
than usual for the fertilizer manufacturers. Even in pre-war days 
the farmer had required 870,000 tons of chamber acid per annum 
(equivalent to 680,000 tons of pure acid), and the extra food pro- 
duction programme was calling for even more than this. The 
Ministry of Munitions were, however, obdurate, and out down 
supplies at a rate which seemed to some of the more nervous to 

5 
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threaten a very serious situation. The production of sulphate of 
ammonia fell from 350,000 tons per annum to little over 250,000 tons, 
while that of superphosphate fell from 800,000 tons to 500,000 tons 
per annum. 

Fortunately a substitute for sulphate of ammonia was available 
in the form of nitre cake, and although no fertilizer manufacturer 
liked it or had a good word to say for it, it seemed as if it might 
have to be used extensively in the manufacture of superphosphate 
and of sulphate of ammonia. Important and difficult technical 
problems were involved both at the factory and on the farm, neces- 
sitating a considerable amount of experimental work. Thanks 
to the co-operation of the nianufacturers, working solutions of the 
difficulties were found, and there is little doubt that both sulphate of 
ammonia and superphosphate could have been made from nitre cake 
had the necessity arisen. Fortunately it did not, and the situation 
Was eased before it became too serious. 

A considerable amount of work was also done in the examin- 
ation of new sources of potassium compounds to take the place 
of the Stassfurt salts which had previously been our sole source 
of potassium compounds. A certain number of residues from 
manufacturing processes were available, but in the main they 
suffered from one or both of two defects — very low content of potash 
likely to be useful to the plai'.t, and the presence of toxic substances. 
After much sorting out of possible materials it appeared that certain 
blast furnace flue dusts would prove suitable, and accordingly the 
Food Production Department took steps to make the necessary 
arrangements for distribution among farmers. Considerable quan- 
tities have been used, generally with distinct advantage. With the 
re-establishment of peace conditions, supplies of potassic fertil- 
izers may be expected from the Continent. 

Investi^tion was also made into the possibility of using to 
better advantage the farmyard manure produced on the farm, and 
of using as fertilizer various substances now wasted. 

It is estimated by Hall and Voelcker — ^admittedly good author- 
ities — ^that some 50 per cent, of the value of farmyard manure is 
lost on the average farm of the country through avoidable causes. 
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Thanks to the generous assistance of the Hon. Rupert Guinness, 
it has been possible to retain an expert ohenaist, Mr. E. H. Richards, 
expressly for the purpose of elucidating the causes of the loss, this 
being necessary before one could hope to find a remedy. The 
causes of the loss have been traced in an extended series of labor' 
atory investigations, and the conditions necessary for its avoidance 
have been ascertained.* 

Broadly speaking, the conditions to be secured in the making 
of the manure as ascertained by Dr. Hutchinson are sufficient 
supplies of nitrogen compoun<ds and of air to allow the cellulose 
decomposing organisms to effect the decomposition of the straw. 
For the storing of the manure, however, Mr. Richards’ experiments 
show that it is necessary to have shelter from the rain and also to 
prevent access of air. The best methods for securing these conditions 
have required working out for particular cases, which can be done 
only after consideration of all the local circunostances. 

Field experiments have shown that farmyard manure stored 
in conformity with these conditions is of higher fertilizing value 
than the ordinary material, the crop being 10 per cent, or more 
beyond that given by nranure kept in the usual way. During the 
wer, when all sources of loss had to be studied and as far as possible 
stopped, the necessary conditions were vigorously brought to the 
notice of farmers and Executive Committees by the Food Production 
Department, and at different times attention has been drawn to 
the matter in “ The Journal of the Board of Agriculture.” Savings 
of several units per cent, on old-established practice are possible, 
and every one per cent, saved would mean in the aggregate some 
£200,000 a year at present prices. 

A beginning has been made with a much more difficult problem — 
the handling of manure on a dairy farm. The conditions here 
are very different from those on an ordinary mixed farm where 
bullocks are fattened : it is desirable that the dung should be as 
little in evidence as possible and that the urine should be quickly 


* An article on the subject appeared in Th^ Journal of iha Board of Agriculture fpy 
Ppcamber* 1914, p. 800» 
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and completely removed from the cow-sheds. So important is this 
that it must be done even if loss is thereby incurred. Two methods 
have been studied : — 

(1) The removal of the solid excreta and its storage under 
cover and out of reach of air ; collection of the liquid manure in a 
tank, and its application to temporary or permanent grass land 
and on the stubbles prior to taking a root crop. 

This method is already in use on certain dairy farms, but careful 
examination revealed a considerable deficit on the nitrogen account ; 
the liquid only contained about one-half of the nitrogen expected. 
The loss was traced to the broken straw and solid excreta which 
always find their way into the liquid and cause an absorption of nitro- 
gen which, though of scientific interest, may prove costly to the 
farmer, and at any rate deprives the liquid of much of its value. 

Further investigation of this absorption is being made ; it may 
be avoidable, in which case the value of the liquid manure, already 
high, could be enhanced still further. Lr case it seems to be 
unavoidable, however, a second method of pro(!edure is being 
adopted : — 

(2) The solid manure is collecjted as before, but the liquid is 
allowed to run through straw imder c(»nditions which encourage 
the absorption of nitrogen compounds. By suitable arrangement 
the straw increases in fertilizer value, while the liquid loses part of 
its valuable constituents, and can more easily be sacrificed. 

This second method is still in the laboratory stages, but may 
prove of considerable value. Mr. Eichards is carrying out the 
laboratory experiments at Rothamsted and the large scale 
experiments at Woking on the Hon. Rupert Guinness’ home farm. 

The making of farmyard manure without animals. 

Two years ago there seemed a prospect of a considerable 
surplus of straw, and methods of utilization were examined ; in 
particular the possibility of converting it into a useful manure was 
studied at Rothamsted.^ The prolonged drought of this season 

1 The Journal of the Board of Agriculture, April, 1919, p. 16. 
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has dispeUed any prospect of excessive straw, but the value of the 
work remains. 

The investigation is being (tarried out by Dr. Hutchinson and 
is the logical continuation of work that he has had in hand for some 
time. Laboratory work has shown tliat the breaking down of the 
material of straw, the so-called cellulose, is effected by a remarkable 
organism which had eluded all previous investigators, but which 
Dr. Hutchinson succeeded in obtaming in pure culture so that be 
could study its properties. In order that it may bring about the 
decomposition of straw it requires two conditions, air and soluble 
nitrogen compound, as food. If cither of these is missing it ceases 
to act. Moreover, it will only attack cellulose : it is \mable to feed 
on sugar, starch, alcohol or any organic acid yet tried. 

Given, however, the necessary nitrogen compounds and a 
sufficiency of air, the organism (piickly decomposes straw, breaking 
it down to form a black, sticky material, looking very much like 
farmyard manure. A ton of this iiiaterial is now being prepared 
for the purpose of fertilizer tests. 

Sewage sludge as manure. 

Many efforts liave been made in the past to utilize sewage 
sludge, but until recently without success. A new process is now 
being studied which seems more prennising ; it gives a sludge con- 
taining 6 per cent, or more of nitiogen, in an easily available form. 
There are, however, a number of problems to be solved before its 
agricultural value can be established, and work on these is being 
pressed forward as vigorously as possible. An experimental plant 
has been erected at the Haipenden Sewage Works, where sufficient 
material for new tests is being prepared. 

The importance of the problem is manifest from the considera- 
tion that the total excrements of the inhabitants of the United 
Kingdom would be worth nearly £18,000,000 per annum as fertilizer 
if they could be applied to the land. Only a fraction is so used at 
present, but the need for national economy is such that nothing 
of value should be wasted. 
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Other aids to production, limb and artificial 

FERTILIZERS. 

Lime. Moat farmers know by experience whether or not they 
require lime, but few use it as regularly as they ought, with the 
result that clover often fails to do well, and swedes become liable 
to finger-and-toe. Numerous analyses made at Rothamsted of 
soila from different parts of the country show how widespread is 
this lack of lime. 

In trying to remedy the deficiency, however, difficulty has arisen 
because it is not always possible to tell a farmer how much lime the 
soil needs ; often indeed one can only say that he should apply 
between 10 cwt. and 2 tons per acre. Of course, if farming were 
independent of costa this vagueness would not matter, but the 
delicate financial balance under which agriculture has to be con- 
ducted leaves no margin for indecision between 10 cwt. and 2 tons. 
A method has, therefore, been devised by Dr. Hutchinson for esti- 
mating the degrees of lime requirement, and when it is known how 
much lime one part of the land needs, the quantities wanted for the 
rest are readily ascertained. 

Calcium cyanamide. Two new artificial fertilizers have been 
studied in some detail. Calcium cyanamide, commonly known 
in this coun.tiy as nitrolim, is a fertilizer of distinct promise, about 
which, however, experts still have a good deal to learn. 

In field practice it has varied considerably in effectiveness. 
On the average of all field trials in the United Kingdom, when the 
effect of nitrate of soda is taken as 100, that of sulphate of ammonia 
is 97 and of cyanamide 90. The cyanamide results, however, 
sometimes fall as low as 26 and occasionally rise as high as 238. 
Mr. Cowie has shown that cyanamide under certain conditions 
contains another substance, dicyanodiamide, which is poisonous 
not only to plants but also to the nitrifying organisms. It is less 
toxic to other organisms, however, and has little effect oh the 
bacteria developing on gelatine plates, the rate and extent of the 
decomposition of dried blood, or the rate of production of ammonia 
from cyanamide. In its presence ammonia accumulates in the 
sod and the normal oxidation to nitrate does not take place. 
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Dicyanodiamide, therefore, not only injures the plant, but cuts off the 
supply of nitrate, substituting instead ammonia, which in most 
cases is less useful, and in some cases directly harmful to the crop. 
The conditions under which it is formed are known and fortunately 
can be avoided. 

A further investigation is beihg made into the breaking down 
of nitrolim in the soil. Nitrolim itself is not a plant food ; under 
suitable conditions, however, it readily changes into such. Usually 
changes of this sort are brought about by living organisms under 
conditions which are now well understood. In this particular case, 
however, something else is involved, the exact nature of which is 
not yet clear, although Mr. Cowie is on its track. There is little 
doubt that some of the cases where nitrolim gave disappointing 
results arose through lack of the decomposing agent, whatever it 
may be. 

Ammonium nitrate. Another investigation arose out of the 
necessity of makuig the best possible use of the materials employed 
in the making of munitions, one of which — ammonium nitrate — had 
been accumulated in great quantities. 

It was known some time ago that at the end of the war large 
stocks of this ammonium nitrate might be available for agricultural 
purposes. Experiments were, therefore, made to ascertain its 
properties as a fertilizer.^ The material available before the war had 
been too deliquescent for ordiimry use. A much less deliquescent 
modification is, however, now available ; it has been stored for 
months in the Kothamsted manure shed without giving trouble. 
Further, it can be drilled with the utmost ease, either alone or 
mixed with superphosphate (though the mixture should not be stored). 
It gave good results on mangolds and potatoes and as a top-dressing 
to cereals. It is highly concentrated, containing 36 per cent, of 
nitrogen. 

Basic slag. Considerable attention has been devoted to basic 
slag. During the war there has been a great change in the compo- 
sition of this material in consequence of the extension of the basic 


The Journal of the Board of Agriculture^ February, 1919, p. 1332* 
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open-hearth process for making steel. The new material contains 
less phosphate than the old, and less is soluble in citric acid. Field 
experiments have been made to ascertain its actual value, and 
inquiries have been made in conjunction with Dr. Stead, of Middles- 
borough, into the possibility of improving its value. 

Control op soil organisms and pests. 

Most fanners have learnt to their cost that soil is inhabited by a 
number of organisms capable of doing a great deal of mischief ; it is 
well known that there are others that do very much good. Con- 
siderable attention has been devoted at Rothamsted to the soil 
organisms, and much information has been gathered about them. 

The wireworm furnishes a good example of the harmful 
organisms in the soil. In a general way its life-history has long been 
known, but little exact knowledge was available before Mr. Roberts 
began his work at Rotliamsted ; in consequence, no sound method 
of dealing with the pest could be suggested. 

Mr. Roberts has, however, succeeded in tracing the precise 
history of the wireworm from the egg through the larval stage to 
the beetle, and has brought to light a great deal of new and useful 
information about it. Further experiments are necessary to 
discover the best way of using this information. Dr. Malcolm Laurie 
has carried out some interesting experiments which promise valuable 
results. 

Mr. Tattersfield and Mr. Roberts have also devoted much 
attention to the effects of poisons on the wireworm. A large number 
of substances have been systematically tested, and many have been 
found far more poisonous than the naphthalene somet imes recom- 
mended. Ammonia is distinctly harmful to the wireworm — not 
the sulphate of ammonia used as a fertilizer, but ammonia itself — 
and it is interesting to note that this is produced in the soik when 
liquid manure is applied, or when sheep are folded on the land. 
Either of these methods may be expected to keep down wireworms. 

It is hoped that the information obtained in these experiments 
will enable works chemists to make a satisfactory soil insecticide — 
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one of the most urgent needs of the arable farmer and market 
gardener. 

Some years ago it was shown at Eothamsted that the treat- 
ment of the soil with poisons led to increased productiveness if the 
poisons could subsequently be removed. The search for a soil 
insecticide is combined, therefore, with the search for a soil-sterilizing 
agent, and this part of the work is carried out by Mrs. Matthews, the 
W. B. Randall Research Assistant, Mr. Randall having generously 
provided the funds that enable the Station to secure Mrs. Matthews' 
services. The results are too technical for discussion here, but 
they show beyord doubt that simplification of the soil population 
is an advantage to the grower. For the present this information 
IS of direct value only to the nurserymen working under glass. 
For cucumber- and tomato-growing under glass the most efficient 
method is to steam the soil, when the undesirable forms are reduced 
or eliminated, and the useful forms are less affected. Various 
poisons are now being used successfully, and are, fortunately, much 
cheaper than heat. 

The co-operation of the chemist has led to sonre interesting 
developments. It was found in the early stages of the iiivestigation 
that carbolic acid, which is sometimes phenol and sometimes cresol, 
was effective in dealing with important pests, but Mrs. Matthews 
and Mr. Tattersfield have greatly improved on this substance. 
They find that chlorphenol is about four times as toxic as phenol ; 
di-chlorcresol, which is easily prepared on the large scale, is about 
five times as effective as cresol, hitherto the most potent agent 
available for practical purposes. 

Some of the so-called poison gases are vexy* effective and if 
the practical difficulties attending their use could be overcome, 
they would form a valuable addition to the growers’ equipment. 
This, of course, is work for the future ; already, however, the steri- 
lizing methods have considerably increased the output of glasshouse 
production in the Lea Valley. 

A highly usefxd soil organism, the clover organism, has been 
studied in some detail and an important advance made by Mr. 
Bewley. Before this work was done little had been known of the 
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way in whioh this organism lives when it is out of the plant. Mr. 
Bewley has now shown that it can exist in two forms— one form 
can move about, while the other cannot. The addition of soluble 
organic matter causes the latter to change into the motile form. 

This fact is of great interest in connection with another result 
recently obtained at Eothamsted. It was found that clover makes 
more vigorous growth in a rotation where farmyard manure is used 
than where artificials only are used.^ It seems legitimate to suppose 
that the farmyard manure helps the organism to become motile 
so that it can easily move about and enter the plant root ; this 
hypothesis is bemg tested. 

Special attention is being devoted to the processes whereby 
plant food is made in the soil. These processes are of vital import- 
ance because on them depends the proper utilization of fanuyard 
manure, clover residues and grass residues ploughed into the land. 
At present there is good reason to fear tliat only 50 to 60 per cent, 
of the potential value of these materials is ever realized : the rest 
is lost to the farm, and, of course, to the country. Improvements 
do not come from sensatioital discoveries ; indeed many of the 
sensational discoveries announced in the press tiim out to be nothing 
but mare’s nests. It is the steady advancement of knowledge that 
helps to solve agricultural problems ; link by link the chain is forged 
until one day, unnoticed and unrecorded, the last link is made and 
the definite advance is achieved. Practice advances in the same 
way ; a one per cent, improvement here, and a one per cent, im- 
provement there, represents a much more solid achievement than 
naany of the supposed discoveries that sometimes attract so much 
attention. 


Weeds, 

The study of the weeds of the farm is in the capably hands 
of Dr. W. E. Brenchley^ whose results have been published from 
time to time in “ The Journal of the Board of Agriculture ” and in 
the Journals of the Bath and West, and of the Royal Agricultural 

^ The Joufuml of the Board of AgncuUwef May» 1917, p. 124« 
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Societies ; these results are now being collected, so that it is un- 
necessary to enter into any detailed account of them here. 

Plant pathology. 

Farmers suffer great losses every year through the attacks of 
insects and fungi ; in consequence the Board of Agriculture have 
recently set up at Eothamsted an Institute lor Plant Pathology, 
the purpose of which is to study plant diseases. 

Dr. A. D. Imms is in charge of the entomological work and 
Mr. W. B. Brierley of the mycological investigations. The primary 
purpose here, as in the rest of the Station, is to gain information 
and not to cure particular diseases : indeed it is not too much to 
say that, until some of the information at present sought is ob- 
tained, there will be little hope of cures for many of the ills affect- 
ing plants. The treatment of plant diseases is now in somewhat 
the same position as the treatment of human diseases in the days 
of the barber surgeons, and further advance can only come when 
more knowledge is obtained. 
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The preservation of fruit and vegetables by canning has many 
advantages over bottling, especially when carried out on a com- 
mercial scale. The niitial outlay is not so heavy, and packing and 
transport difficulties are much reduced, while breakages of bottles 
arc avoided, arda great saving of time is efEected,as large quantities 
of produce may be dealt with quickly. 

Fiuthermore, if the canning be carefully done the flavour of 
canned fruit is considered superior to that of fruit preserved by 
other methods. This is due to the fact that the cans are 
hermetically sealed before being sterilized, and all volatile oils and 
flavours are, therefore, retained. 

Apparatus necessary fob canning. 

The appaiatus necessary for canning by the “ water-bath 
method ” depends a great deal upon the quantity of fruit to be dealt 
with. For ordinary household purposes a large pan fitted with a 
false bottom can be used, or special sterilizing pans holding 18-20 3-lb. 
cans may be purchased. Wlten using these pans the cans must be 
submerged in boiling water. If desired, an ordinary copper can be 
used ; in this case it is advisable to obtain the special tin trays with 
handles which fit into the copper, so that the cans are easily lifted 
in and out. 

Complete outfits of canning apparatus may be bought, and 
attention may be drawn to the following types - 


♦ Reproduced from the J(yurnal oj the Board of Agriculture, vol. XXVI, no. 5 

( TC ) 
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The Royal Home Canner (Fig. 1.) is suitable for domestio 
purposes aild is so constructed as to generate steam, quickly. Tliis 
apparatus will hold three dozen 3-lb. cans at one time. It is 
portable, and wood, coal or gas may be used to generate the 
steam. 



Fia. 1. The Royal Horae Cannor, showing the following parts : A, covered boiler 
or sterilizer raade of galvanized iron and fitted with handles ; B. tray to 
bold cans ; C, japanned iron carrier lined with asbestos ; D, chimney to 
carry off smoke when wood or coal is used as fuel ; E, grate for wood fuel, 
etc. ; F, loose tray in which the canner stands- 


The Pressure Conner is a more complicated apparatus than 
the Royal Home Canner. It geiierates and retains steam under 
pressures varying from 5-30 lb. per square inch, and must be fitted 
with' a pressure gauge and safety valve. It enables canning to be 
carried out very rapidly, and is the only sure method of canning 
meat, fish, and such vegetables as peas and beans, but is not 
essential for fruit or tomatoes. 

Pull particulars of large commercial or pressure camiing 
outfits may be obtained through the trade journals. 
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Preservation or pood by sterilization. 

It is a weU-known fact that food decay is caused by germs 
present in tbe air. These germs are of three classes, two of which, 
yeasts and moulds, attack both fruit and vegetables, and a third, 
bacteria, attacks vegetables only. 

The destruction of these organisms by heat is known as 
“ sterilization.” If this is properly carried out and reinfection is 
prevented, food is preserved for an indefinite period. 

A temperature of 150° F. to 190° F. is sufficient to kill yeasts 
and moulds, but bacteria are not destroyed except at a temperature 
of 212° F. (boiling point). In each case the temperature must be 
maintained for the proper length of time. 

' Equipment required for canning (Plate VII). 

Successful canning can only be accomplished if all the 
equipment is ready to hand before starting. The following are 
essential : — 

1. Sterilizer. This may consist of any large pan or, better 

still, a specially made canner. 

2. Cans and lids. The cans are made of tin in nominal 

1, 2, 3 and 7-lb. sizes. A reputed 2-lb. can will hold 
2 lb. of pulp or jam, but only 1 J lb. of fruit in water ; 

, the other sizes are in proportion. Each lid should 
have a small vent-hole, and cans with wide mouths are 
the moat suitable. 

3. Solder. This is used for soldering on the lid and sealing 

the vent-hole. 

4. Flux and small brush. Flux or soldering fluid is used for 

cleansing the tin to ensure that the solder adheres. 

5. Soldering irons. These have copper ends and must be 

kept smooth and bright. 

6. File and Emery paper. Necessary to clean the irons, 

7. Clean cloths. For wiping the cans, etc. 

8. Boiling uxiter. In plentiful supply^ 
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Preparation of fruit and vegetables. 

Grading. Vegetables and fruit must be graded carefully 
according to colour, size and ripeness. This ensures the best 
“ pack ” and uniformity of flavour and texture to the canned 
product : these points are very important and should always be 
kept in mind. 

Blanching. Prior to canning it is very necessary for all vege- 
tables and many kinds of fruits to be “ blanched.” Thorough 
cleansing and the removal of acid and acrid flavours are thereby 
ensured, and the coloring matter sets ; the bulk of green vegetables 
is also reduced, and the splitting and cracking of cherries, damsons 
and plums are prevented. Peaches and pears are rendered more 
transparent and given a better texture and more mellow flavour. 
Soft fruits do not require “ blanching.” 

The operation consists of plunging the vegetables or fruit into 
boiling water for a time, which may vary from 1 to 15 minutes 
according to the state of maturity and the kind of fruit and vege- 
tables used.* After the necessary time has elapsed, the fruit or 
vegetables should be removed from the boiling water and plunged 
immediately into cold water two or three times, but they should 
not be left in the cold water to soak. The plunging into cold water 
sets the coloring matter, and is termed “ cold-dipping. ” Vegetables 
are made more crisp if salt is added to the cold water. 


Vegetables 

Time of blanching 

Peas and beans 


2-3 

minutes. 

Carrots (according to size and age) 


5-15 

f ♦ 

Celery (according to thickness) 

... 

3-5 

II 

Beets 

... 

5-10 


Tomatoes ... 

... 

5-10 

M to loosen the skin. 


* A wire basket or piece of cheeso cloth is uaefal for this purpose. 
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Filling and soldering the cans. 

Packing the cans. Wash the cans in boiling water immediately 
before filling. Take one can at a time and pack with fruit or vege- 
tables to within J in. of the top, but without crushing. To ensure 
a good “ pack ” the cans should be weighed, particularly if the 
product is for market purposes. Cans after being packed should 
be dealt with as quickly as possible and not allowed to stand about 
open. 

Adding water, syrup or brine. Immediately after packing 
sufficient liquid must be added to cover the produce. Fruit may be 
canned in either water or sjTup, but the latter is to be preferred as it 
imparts a better flavour to the canned product. For vegetables 
brine should be used. Tlie syrup, brine or water used for filling 
the cans should be boiling {see page 83 for strengths). Next place 
the lid on the can and wipe dry with a clean cloth. 

Soldering on the lid or capping. Apply a little flux with a small 
soft brush around the groove of the cap, taking care that none enters 

the can. With the hot iron, well 
tinned, in the right hand and the 
solder in the left hand, melt two or 
three drops of solder round the cap 
in the groove (Fig. 2). Steady 
the cap with the stick of solder, 
but do not cover the vent-hole. 
Then draw the melted solder round 
the cap in an even, smooth stream 
with the hot iron. 

Sealing the vent-hole or tipping. 
If boiling water has been used in 
filling the cans, then tipping may 
be done immediately after the lid 
is soldered on, as enough air will 
have been exhausted or driven out 
through the , vent-hole. To tip 
a can, place the point of the 
hot iron over the vent-hole and touch the iron slightly with the 



Fig. 2. Soldering a can, showing 
correct position of hands, the 
soldering iron held in the 
right hand and stick of solder 
in the left. A small portion 
of solder has been dropped 
on the rim of the cap, and 
is being drawn round by the 
hot soldering iron. The stick 
of solder, meanwhile, holds 
the cap in position. 
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solder stick. A bead of solder will then drop on to the vent-hole 
and make a neat tip. The description of the contents must then 
be marked on the can with an oil crayon. 


Exhaustion. 

The operation of “ exhaustion ” or driving out the air from the 
cans before “ tipping ” is very important. By using boiling liquid 
to fill the cans, and “ cappir.g ” 
them immediately, the centre of each 
can will register from 170® to 190°F., 
and sufficient exhaustion then takes 
place. No can should be tipped 
below a temperature, of 170°F. 

When “ tippirg ” is not don.e 
immediately after “capping” and 
the interior temperature of the can 
has fallen below 170® F. the arc 
should be exhausted by placing the 
cans, with the vent-holes open, in 
the canner for 5 to 15 minutes 
until the temperature is brought up 
again to 170°-190° F. The cans 
are then removed from the canner 
and immediately dried and tipped. 

Great care must be taken if this 
method is adopted, for by over- 
exhaustion the cans collapse. (Fig. 3 C) 
on cooling and the contents, 
although properly sterilized, become 
mushy. 

Sterilization. This is the term applied to the process of heating 
the cans to ensure the destruction of the organisms responsible for 
decay. The time allowed for sterilizing must be reckoned from the 
moment the water boils ojter the cans have been lowered into the 
canner. For sterilizing in steam, a thermometer is absolutely 
essential. 



FIG 3. Comparison of perfect and im- 
perfect cans. A, perfect can ; 
Bl, bullied can, showing how 
the top and the bottom of the 
can has bulged owing to fet- 
mentation ciyised by insuffi- 
cient sterilization ; B2, bnist 
can, caused by insufficient 
sterilization and weak joints 
in the can— although burets 
from the latter cause very 
seldom occur ; C, collapsed 
can, due to insufficient tilling 
and over-exhaustion. 
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Time tahte. 


Products to be canned 

Preparation 

Time of sterilizing 

Soft fruit. Gooseberries, Currants, 
Strawberries, Baspberries, Logan- 
berries. 

Graded 

15-20 mins, at 212^ P. (accord- 
ing to ripeness). 

Stons fruit. Cherries, Plums, Dam- 
sons, Apricots and Peaches. 

Blanched and cold 
dipped. 

15-20 mins, at 212^ F. (accord- 
ing to ripeness). 

Hard fruit. Apples and Pears 

Peeled, cored and 
blanched and cold 

1 dipped. 

20-30 mins, at 212*’F. (accord- 
ing to ripeness). 

Tomatoes 

Scalded and peeled ... 

20-30 mins, at 212* F. 

Vegetables 

1 

Blanched and cold 
dipped. 

2 hours. Green Tegetables 
to be redone after 48 
hours. 


Note. — Very ripe fruit always requires more sterilizing than unripe fruit. 


GooUng the cans. All tinned products must be cooled as quickly 
as possible to check subsequent cooking, ■which would otherwise 
continue for some time, and so spoil the colour and reduce the fruit 
to pulp. To cool the cans plunge them into a bath of cold water, 
or, if large numbers are being dealt with, spray them with a hose 
pipe. The cans must not on any account be piled up one on top 
of the other until thoroughly cold. Before storing, the cans should 
be first dried to prevent rusting, and then lacquered and labelled. 

Tinning or preparation of irons for soldering. 

See that the irons are bright and smooth, and heat thoroughly 
in a clear fire or over the gas. Place some soldering fluid (flux) in a 
stone jar for cleaning the irons, and also a small quantity in a clean 
glass jar for brushing the tins. Dip the irons into the jar of flux 
and rub the ends with the stick of solder, then immediately dip 
again into the flux and the solder will be found to run evenly over 
the iron. This “ tinning ” is most important, for if the irons are 
not kept clean and well tinned, the soldering of the cans cannot be 
carried out successfully. So long as the irons are not made red hot 
they will remain “ turned ” and need only be dipped into the flux 
before using. When once the operator becomes accustomed to 
the handling of the tools, the soldering may be done very quioMy 
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and perfectly. A pound of solder will seal a gross of cans, and an 
e£B.oient operator can do sixty cans an Lour. 

Beine and sybup. 

Brine or syrup is naade by boiling the correct amounts of salt 
or sugar in water for ten minutes. All impurities are then skimmed 
off the top. 

For brine, one tablespoonful of salt is required for each quart 
of water. 

The strength of syrup will vary according to the class of fruit 
to be canned. 

1. Soft Fruit, Plunisand Cherries . . Thin lb. sugar to each 

gal. of water. 

2. Pears . . . . , . Medium lb. sugar to each 

gal. of water. 

3. Peaches and Apricots . . Heavy 6^ to 8 ib. sugar to 

each gal. of water. 

Strawberries and raspberries should be canned in syrup made 
from the juice of the berries, in which case no water or syrup is 
used. 

Causes op failure in canning. 

1. The use of unfit material. Fruit and vegetables for canning 
must be perfectly fresh and in good condition, and must be canned 
as soon as possible after gathering. Failures known as “ Flat Sours ” 
are caused by using material which has fermented or heated through 
standing for some time. Fruit gathered wet and kept together in 
too large quantities, or peas remaining in closed baskets or bags 
are very liable to be spoiled in this manner. The contents of the 
cans are sour, although there is nothing to indicate this condition 
until they are opened. 

2. Insufficient sterilization. Swollen or bulged cans (Fig. 3 B) 
are usually caused by the produce fermenting through insufScient 
sterilization. The ends of the cans become distended with the gas 
which is generated. The contents are unfit for consumption and 
have an offensive odour. 
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3. Careless sealing. This causes cans to leak and results in 
the contents going bad. Great care must be taken to detect any 
leaks before storing, and if found they must be repaired at once. 
Cans should be tested after soldering by lowering each one into a 
bath of hot water. If a leak is present bubbles will rise to the 
surface of the water. 

4. OverpacJcing or sealing when too cold. This also causes 
bulged cans. If due to overpacking, the cans can be made to 
resume their normal shape on cooling by pressing in the ends. The 
contents of the bulged cans due to these causes are quite 
wholesome. 

5. Shrinkage of produce in the cans during sterilization. This 
may be caused by — 

1. Improper blanching and cold dipping. 

2. Loose packing through careless grading. 

3. Sterilizing too long. 

6. Cloudy peas are caused by — 

1. Using peas with cracked skins. 

2. Blanching too long. 

3. Using hard water. 

7. Discoloration of fruit is due to — 

1 . Careless blanching. 

2. Continued cooking due to piling the cans on top of 

others before they are cool. 

3. Using over-ripe fruit. 

Note. — Bhuharh should never be canned unless a very heavy 
syrup is used. Otherwise the lacquer of the cans will not withstand 
the excessive acidity of the rhubarb and the inside of the tins will 
rust. The contents of cans in this condition are unfit for 
consumption. 



A SUSPECTED CASE OF POISONING FROM LINSEED CAKE. 


The occurrence of a considerable proportion of cyanogenetic 
glucoside in linseed cake is well known, and is of considerable 
interest in view of the fact that this cake is generally considered 
to be one of the safest cattle foods. Ingle^ refers to this subject 
as follows : — “ A point of some interest is the almost universal 
occurrence of a cyanogenetic glucoside, Linamarin, identical with 
phaseolunatin, in linseed cake. Fortunately the hydrolysing 
enzyme, capable of liberating hydrocyanic acid from this substance, 
which is present in the seed, is destroyed by the high temperature 
employed during the extraction of the oil, so that the cake is rarely, 
if ever, poisonous from this cause.” 

The probability that the feeding of linseed cake may occa- 
sionally become dangerous lias been the subject of several investi- 
gations. G. D. Lander^ carried out feeding tests on sheep with a 
linseed cake containing O’ 025 per cent. HCN, giving a ration of 
from 1 to 6 lb. of moist oa,ke per diem, and obtained no definite 
result. The same observer also fed rations containing HCN in the 
form of potassium cyanide and only obtained definite results when 
30 grains of HCN were administered. He eoncludes that linseed 
cake, such as is usually employed, is harmless. 

Collins* studied the rate of evolution of hydrocyanic acid 
from linseed cake under digestive conditions, and found that the 
amount of HCN produced depended upon the amount of enzyme 

^ “ Text Book of Agricultural Chemistry,” Chapter XIV, p. 282. 

* Lander, G. D* Jour. Bd. Jgru, XVII (1911), 11, pp. 904-907. 

^ Collins, 8. H. Proc» Univ. Durham Phil Soc., IV (1911-1912), 3, pp. 99-106, 

( 85 ) 
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present, and the temperature and the degree of acidity of the liquid, 
and concluded that, in normal health, the acidity of the stomach 
is too high for the production of HCN from linseed cake, but abnor- 
mal conditions may cause its production. 

Auld^ found that the majority of linseed cakes examined by 
him produced prussic acid on maceration with water, the amount 
varying from 0'001-0'052 per cent. In only a few cases was no 
prussic acid found owing to the enzyme having been destroyed. 
The total HCN content of the cakes examined varied from 0’023 per 
cent, to 0’056 per cent., the average being 0*036 per cent. He found 
that the formation of HCN at blood heat was exceedingly rapid — 
half the available HCN being often liberated in fifteen minutes — 
the maximum being attained in six hours. The hydrolysing 
enzyme is, however, easily destroyed by mixing the ground cake 
with boiling water, and the gruel, when properly prepared, is 
practically harmless. 

In view of the generally expressed opinion that linseed cake as 
usually employed does not give rise to deleterious effects, it is 
worthwhile drawing attention to a suspected case of poisoning 
which has recently passed through my hands. Several cases of 
suspected poisoning of horses having occurred at the Saharanpur 
Remount Depot, samples of the materials forming the ration were 
submitted for examination. Of these, suspicion attached to the 
linseed cake which was found to contain 0*023 per cent. HCN 
and a recommendation was made that the use of this foodstuff 
should cease. This was done and a report was subsequently 
received stating that no further cases of poisoning had occurred, 
and it would therefore seem very probable that this cake was the 
cause of the trouble. 

The linseed cake in question had every appearance of being 
the local production of the country oil mill in which the temper- 
ature of extraction is comparatively low and consequently the 
hydrolysing enzyme was not destroyed, thus leadmg to the libera- 
tion of an excessive amount of HCN during digestion. In view 


' Auld» 8* T, M. JovT. Sonthecut Agri* Col. Wye, 1911, no, 20> pp« 289-326. 
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of these facts, it would therefore be advisable, when using country 
cake, to take such measures as will lead to the destruction of the 
enzyme before feeding to cattle. [W. H. Harbison.] 


INDIAN SUGAR COMMITTEE. 

The Government of India, in the Ke venue and Agriculture 
Department, issued the following Resolution on the 2nd October, 
1919 

“ Among the many questions which have been brought into 
prominence by the war, that of the possibility of organizing and 
developing the sugar industry in India stands high in importance. 
It is not a new question. It has been considered by the Board of 
Agriculture in India from time to time, and formed one of the main 
subjects of discussion at its last meeting at Poona in December 1917, 
when the necessity for a bureau of information on the industry was 
emphasized. A beginning in this direction has already been made ; 
and Mr. Wynne Sayer of the Indian Agricultural Service was in 
February last placed on special duty to undertake the collection 
and co-ordination of all available information regarding the 
industry. But this is only a beginning and the Government of 
India realize that much remains to be done if any material ex- 
pansion of the industry is to be looked for. 

“ 2. Rep,rding the desirability of such expansion there can 
be no doubt. The food value of sugar is high : the annual con- 
sumption has been increasing steadily for many years, and in India 
no less than elsewhere. Sugarcane is indigenous in India which 
until very recent years stood first of all countries in the world in its 
area under cane and its estimated yield of cane-sugar, and even now 
ranks second only to Cuba. Yet it is notorious that the yield both 
of cane and raw sugar per acre and the percentage of available sugar 
extracted from the cane are undesirably low. While, therefore, 
India should be in a position, as she was in the past, to produce a 
surplus of su^r for export, she has in fact had to supplement her 
own supplies by imports the tendency of which steadily to increase 
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has only been checked by war conditions. The same conditions 
have also served to emphasize the disadvantages involved in relying 
upon external sources of supply. The world prices of sugar have 
risen enormously, with the result that, while imports between 
1913-14 and 1917-18 fell in quantity from 900,000 to 500,000 tons 
approximately, they rose slightly in value from 14'96 to 16’32 crores. 
The beet-sugar industry has been disorganized over extensive areas 
in Europe and, if India cannot now look to herself to supply her 
own wants, she is faced with the alternative of either reducing 
her consumption of sugar, or paying increased amounts to 
obtain it. 

“ 3. But if the desirability of extending the sugar industry 
in this country is obvious, the difficulties involved are hardly less 
so. Apart from the difficulties attending the cultivation and 
manufacture of cane-sugar in all coimtries, the Indian industry is 
confronted with problems which are either peculiar to India or exist 
there in a special degree. The systems of land tei\ure exhibit great 
variety and are complicated by the customary laws of inheritance 
and joint ownership. Again, the bulk of the sugar produced in 
India is consumed in its crude state as gur ox jaggery ; and this fact 
has an essential bearing on the prospects of a successful venture 
for the production of factory sugar in. any particular locality. There 
are indications that the incentive of present prices of sugar is attract- 
ing considerable attention to India as a furthe.r source of supply ; 
and that the necessary capital and business enterprise would be forth- 
coming if the whole question both in its agricultural and manufac- 
turin.g aspects were thoroughly investigated, and the conditions 
essential to the establishment of an organized industry authori- 
tatively defined. The Government of India are, therefore, of opinion 
that the time is opportune for the appointment of a representative 
Committee to investigate the problem in all its bearings and to 
advise whether a definite and co-ordinated line of policy can be 
laid down for the promotion of further development. They have 
accordingly, with the approval of His Majesty’s Secretary of State, 
decided to appoint a Committee for this purpose during the comin.g 
cold weather, under the presidency of Mr. J. Mackenna, C.I.E., 
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I.C.S., Agricultural Adviser to the Government of India, and with the 
following terms of reference : — 

1. to examine the various sugarcane growin.g tracts of India 

with a view to determinmg the nature of the expansion 
possible in such tracts either by the development of 
a factory industry or by improvements in the existing 
indigenous methods ; 

2. to examine the possibility of consolidating the areas under 

cane and of the extent to which this is limited by the 
existing systems of land tenure ; 

3. to report on the work already done by the Sugar Expert 

with regard to the breedii'g and selection of improved 
varieties of cane, and to make suggestions as to the 
extent and direction in which this work can be further 
expanded ; 

4. to examine the present methods of co-ordinatii'g work 

on sugarcane adopted by the Agricultural depart- 
ments working in. the various provinces and the 
efficien.cy of agricultural practice in vogue iji Lulia or 
recommended by the Agricultural Department ; 

5. to examine the existii'g sugar factory industry in. India 

and to advise in what localities and imder what con- 
ditions a factory industry can be successfully estab- 
lished ; 

6. to examine the economic and labour conditions now 

prevalent in the various districts where expansion of 
the sugar industry is likely and the question of 
improving railway facilities and other means of 
transport which nray bo required with a view to 
furthering the spread of the industry ; 

7. to investigate the work that is being done in the in.tro- 

duction of improved small power plants and small 
power factories ; 

8. to review the position of India with regard to the world’s 

sugar supply and to formulate recommendations for 
the improvement of that position ; 
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9. to mvestigate the conditions under which refined and raw 

su^r and molasses are imported into India ; 

10. to examine the effects of controlling such imports by a 

duty, and, where necessary, grading this duty so as 
to give preference to sugar grown in British depen- 
dencies ; and 

11. to examine the present conditions governing the manu- 

facture of rum under license from Government and the 
question of distributing such Government contracts. 

The Committee is expected to assemble on October 26th. It 
will tour to such extent as may be necessary for the local examin- 
ation of existing conditions, and it will examine witnesses with a 
view to the thorough consideration of all shades of informed opinion. 
The Government of India trust that Local Governments and Ad- 
ministrations and their officers will afford the Committee all facilities 
for the furtherance of its investigations, and will comply with any 
requests for information or advice which it may address to them. 

“ 4. The Government of India are not yet in a position to 
announce the names of all those who will serve as members of the 
Committee ; but its composition and personnel, in so far as these 
have already been decided, will be as follows : — 

1. Mr. J. Mackenna, C.I.E., I.C.S., Agricultural Adviser to 

the Government of India, President. 

2. A member of the Indian Civil Service as Vice-President 

(to be nommated later). 

3. The Hon’ble Mr. Lalubhai Samaldas, C.I.E., Bombay. 

4. Sir Frank Carter, Kt., C.I.E., C.B.E., of Messrs. Turner, 

Morrison and Company, Calcutta. 

5. Sirdar Jogendra Singh, Punjab. 

6. Mr. J. W. Macdonald, of Messrs. Henry Tate and Sons, 

Ltd., Sugar Kefiners. 

7. 1 Two other experts to be obtained from England (will be 

8. ) announced later). 

9. Mr. Wynne Saver of the Indian Agricultural Service. 

In addition to the above the Committee will co-opt Mr. A. B. 
Shakespear, C.I.E., of Messrs. Begg Sutherland and Company, 
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.Ca\i«’!npore, ks a member for the period of its tour in the United Prov- 
inces, and it is proposed similarly to co-opt a representative of the 
industry in Southern India. Mr. A. E. Gilliat, I.C.S., will act as 
Secretary to the Committee.” 

Since the issue of this resolution the Government of India have 
appointed Mr. F. Noyce, I.C.S., as Vice-President, and Mr. B. J. 
Padshah, M.A., of Messrs. Tata, Sons and Company, as a member of 
the Committee in place of the Hon’ble Mr. Lalubhai Samaldas who 
was imable to accept the invitation, and have obtained the services 
of Mr. W. Craib, a planter with experience of Demerara and Cuba, 
as a member of it. 

The Committee toured from the 26th October to the end of 
December, 1919, in the United Provinces, Bibar, the North-West 
Frontier Province and the Punjab. 

From January to April 1920, the Committee will tour in Assam, 
Bengal, Burma, Madras, Deccan Hyderabad, ard Bombay. The 
Central Provinces and Gwalior will also be visited, but this may not 
be done till after the 1920 monsoon arrives. 


COLLOIDS AND CHEMICAL INDUSTRY -^ 

Anyone familiar, even in the least degree, with the general 
nature of chemical industry, and the applications of chemical 
science to other sciences, cannot but be impressed with the importance 
which coUoid chemistry has attained within recent years iu these 
two directions. In order that the significance of this branch 
of chemistry, hitherto very largely neglected, particularly in its 
scientific aspect, may be more fully appreciated and recognized, 
a committee of the British Association was formed in 1917 to con- 
sider the problem. 

Last year (Nature, March 28, 1918) attention was directed to 
the publication of the first report of this committee. The object 

♦ Second Report of the British Association Committee on Colloid Chemistry and its 
General and Industrial Applications (1918). (Published for the Department of Scientific and 
Industrial Research by H* M. Stationery Ofiioe* 1919.) Price 1«* 6d. net* 
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wliicli the committee has in view is to prepare in the form of sec- 
tioml reports a summary of information respecting the present 
position of colloid chemistry and its various applications to other 
sciences, and especially to chemical industry. Each section is 
written by an authority on the subject treated. The first report 
dealt with the following technical subjects Tanning, dyeing, 
fermentation industries, rubber, starch, gums, albumin, gelatin, 
gluten, cements, nitro-celluloae explosives, and celluloid. 

The committee has now issued its second report, which appears 
under the mgis of the Department of Scientific and Industrial 
Research. It may be obtained from H. M. Stationery Office or 
through any bookseller. The general arrangement adopted in the 
first report is adhered to in the present one. This consists of 

(1) classification according to the scientific colloid subject, and 

(2) classification according to the industrial process and general 
application of colloid science to other sciences. Under the first head 
the subjects treated arc : — (i) Peptization and precipitation (W. D. 
Bancroft) ; (ii) emulsions (E. Hatschek) ; (iii) the Liesegang pheno- 
menon (E. Hatschek) ; and (iv) electrical ondosnxosc (T. R. Briggs). 
Under the secoi'.d head are : — (i) Technical applications of electrical 
endosmose (T. R. Briggs) ; (ii) colloid chemistry in the textile 
industries (W. Harrison) ; (iii) colloids in agriculture (E. J. Russell) ; 
(iv) sew'age purification (E. Arderi'.) ; (v) dairy chemistry 
(W. Clayton) ; (vi) colloid chemistry m physiology (W. M. Bayliss) ; 
and (vii) administration of colloids in disease (A. B. Scarle). 

It is oidy right to point out that the compilation of these 
sections represents a gratuitous contributioix on the part of the 
conrpilers for the general benefit of all who may be er’ gaged in pure 
or applied scieiice or in industrial operations in which colloids play 
a part. 

It is obvious, from the mere enumeration of the subject- 
headings, that a very valuable amount of material has been collected 
which, it is hoped, will serve the purpose of emphasizing the 
fundamental importance of colloid chemistry for operations 
and processes which, at first sight, might appear to be wholly 
distinct. 
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A number of sections remain to be dealt with, and it is hoped 
that these will be included in the third report which is now in pre- 
paration. [W. C. MoC. Lewis in 'Nature, dated 7th August, 1919.] 

♦ 

ife 3|e 

REMOVAL OF RESIDUAL FIBRES FROM COTTON-SEED 
AND THEIR USES. 

Mr. Ed. C. de Segundo, in the course of a lecture delivered 
at the British Scientific Products Exhibition on July 23rd, 
1919, said ; — 

After the fibres of spirmable length have been removed from 
the seed-cotton by the action of the gin., and a further quan.tity 
recovered by saw-lmtir.g devices, it is found that upon about 
95 per cent, of the cotton-seed produced, ai> appreciable quantity 
of cotton fibre still remains adherent to the seed. These short 
fibres have long been known to be suitable for nuny industrial 
purposes if only they could be recovered in a sufficiently clean con- 
dition at a sufficiently low cost. The difficulties in the way of 
accomplishing this mechanically on a commercial scale appeared to 
be insuperable for a number of years, and it is stated that hundreds 
of thousands of pomids were spent in fruitless attempts on both 
sides of the Atlantic. Such fibres were looked upon as a Avaste 
product until about seven years ago, when I was fortunate enough 
to work out a machine which successfully separated them cut 
from the decorticated hulls of the cotton-seed produced under the 
American system of manufacturing cotton-seed oil. These machines 
have been at work in the United States commercially since the 
autumn of 1913, and a good many thousand tons of such fibre in 
the fcrm of explosives were used by the Allies during the war. 
About five years ago I was led to attempt the solution of a somewhat 
similar problem involved in removing these residual fibres direct 
from the cotton-seed, and the machine which I shall have the 
pleasure of showing you in action at the conclusion of this lecture 
is the result of these efforts. This machine removes from the 
woolly varieties of cotton-seed such of the residual fibres as are not 
recoverable efficiently or economically by saw-linting or other 
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existing devices, and delivers them in a form so free from the dirt 
and debris always present in the cotton-seed of commerce, that the 
highest "^grades of paper, artificial silk, vulcanized fibre and other 
commodities can be manufactured from the product of this machine 
which is termed “ seed-lint ” to distinguish it from the “ hull-fibre ” 
recovered b}- the other machine to which I referred above. Up'vrards 
of 10,000 tons of the residual fibres obtained by my machines in the 
United States from the hulls of cotton-seed have now been used in 
Great Britain, in Fiance, and in the United States, for the manu- 
facture of high-grade papers, of explosives, and of vulcanized fibre. 
" Seed-lint ” is, of course, identical in its characteristics with 
“hull-fibre” but is superior in quality, being exactly the same 
material but removed from, the seed bejore decortication. “ Seed- 
lint ” has been exhaustively investigated by the well-known firm 
of Cross and Bevan, Analytical Chemists, of London, who pro- 
nounce it to be “ a new and superior product which, as regards 
chemical composition, approximates to that of raw long cotton. 
Messrs. Cross and Bevan also draw attention to the fact that “ seed- 
lint ” fulfils the most exactir'g requirements for the production of 
cellulose acetate. Courtaulds, Limited, the well-known makers 
of artificial silk, have tested seed-lint for their special purposes, and 
have found it entirely suitable. Last year the Ministry of Munitions 
of War investigated the properties of seed-lint, and reported that 
they found it suitable for the manufacture of nitro-cellulose 
powders. 

Apart from the industrial value of these residual cotton fibres 
the removal thereof from the seed concomitantly results in a con- 
siderable improvement in the seed for the purposes of the production 
of oil and feeding-cake and in a corresponding increase in the market 
value of the seed, a fact that has recently been confirmed by the 
iuvestigations of the engineer and manager of an important seed- 
crushing mill in England. His figures show that, on the basis oj 
pre-war trading conditions, the seed-crusher should realize an added 
advantage of as much as £2 10s. per ton by treating certain varieties 
of cotton-seed in this machine prior to crushing, as compared with . 
the results obtained in his ordinary practice. Upon the basis of 
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prices ruling to-day, the ad.vantage would be much greater. This 
gentleman further points out that even ij the value of the residual 
fibres obtained be entirely neglected, there still remains substantial 
additional profit to the seed crusher. To go into technical details 
concerning this machin.e would take us too far afield, and I must 
confine myself to such aspects of the subject as are likely to interest 
you from a general point of view. {Journal oj the Royal Society 
of Arts, Vol. LXVII, No. 3480, August 1, 1919.] 

* 

He 

MANIPULATION OF SHORT-FIBRED COTTON. 

An interesting lecture on the above subject illustrated by 
diagrams and photographs of lay-outs and machinery, samples 
of priced Indian and Chinese cottons, various soft wastes and 
yarns, also blankets, towellings, and glass cloths chiefly made in 
Germany prior to the war and in the United States of America was 
given at “ The Textile Izistitute,” Manchester, on Friday, March 
28th, 1919. The lecturer was Sir. L. A. Porritt, of Messrs. William 
Tatham, Ltd., Rochdale. 

Mr. Porritt explained that by “ short fibre ’’ he meant the 
shorter grades of Indian, Chinese, and Asiatic cotton with a staple 
of I inch and under. Short staple cotton is only suitable as a weft 
yarn, and the main object being to produce a full and round thread 
the “ condenser ” system is the one universally adopted. Plant 
suitable for treating 25,000 lb. per week would be a hopper bale 
opener, delivering by lattice to a hopper feeder coupled to a por- 
cupine opener, this to feed into a Crighton opener or not according 
to the amount of dirt, then through dust trunks to exhaust opener 
with beater and cages into a hopper feeder, delivering to single 
Buckley opener combined with single beater scutcher and lap 
machine. The loss between the bale and lap is about 7^ per cent, 
to 16 per cent. The laps are double on 2 finisher scutcher lap 
machines. The delivery would be in laps for carding engines 
48 inches to 60 inches wide, and by lattice delivery if for 60 inches 
to 70 inches wide, or if the cotton requires dyeing. On the 
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Continent the general custom is to use the wider widths. Carding 
is operated on the two card system, known as breaking and fin- 
ishing. The carding engine is of the usual roller and clearer type 
which in order to get a woolly or oozy effect is the most suitable. 
The rollers are frequently 7 inches in diameter and the clearers 21- 
inches. The speed of the cylinders is 140 revolutions per minute, 
and so to prevent escape of dust and fly the cover over the 
“ Fancy ” receives special attentio)!. A small clearer is placed 
between the cylinder and the doffer to prevent loss of fibre due to 
the quick speed of the cylinder. The undergrids are very stiff 
and can be accurately set. The finishing carding engine is 
similar, but has a leather type condejiser. The set of engines in 
the mill described were 71 in.ches wide with 140 threads with four 
bobbins of 35 threads and 2 waste. 

Very short stapled cotton could only be prepared for 4’s 
to 8’a counts by the “ tape ” condenser. The bobbins are taken 
to the “ condenser ” mule. In this type of mule the creels for 
roving bobbins are replaced by horizontal surface drums about 9 
inches diameter, which unwind the condenser bobbins. There 
are two lines of bottom fluted rollers 1 inch diameter and one top 
leather covered roller 1 inch diameter. The draft is between the 
spindle and the roller and is about 2 to 1 for clean material and 
less for lower quality. The “ condenser ” mules for counts 4’s 
and above are fitted with a treble spindle speed to give increased 
production and superior quality. The first speed is 1,800 revolu- 
tions for 18 inches of draw, then. 2,700 revolutions until the car- 
riage is nearly at full stretch, and then 6,000 for twisting up. 
There is a motion to deliver | inch to 1 inch of yarn before the 
carriage starts from the beam, in order to prevent the yarn being 
overstretched. When spindles 5 to 6 carriage makes about 4j 
draws per minute, for 7’s to 8’s under 4 draws. Production of 
5’s equals 4^ lb.; 6’s 3^ lb.; 7’s3lb.; and 8’s 2| lb. 

It is understood that the firm with which the lecturer is connec- 
ted make a patent ring spinning frame for short cotton and waste. 
It is recommended where the material is comparatively clean. The 
threads pass from the condenser bobbin through a pair of delivary 
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rollers, Ij inch fluted bottom and incbestop plain, on through a 
twisting tube to the drawing 1 J inch front fluted and 1 5 inch back 
pressure covered with leather and lever weighted and on to the 
ring and bobbin. Draft between delivery and drawing rollers from 
to 2. Drawing is assisted by twisting tube which imparts a false 
twist to the roving. Production on lO’s counts about 3 lb. per 
spindle. [The Indian Trade Journal, dated 7th November, 191 9.] 

♦ 

* 9H 

AGRICULTURAL EDUCATION IN THE CENTRAL PROVINCES. 

The following is taken from a notice in “ The Agricultural 
and Co-operative Gazette,” Nagpur, June 1919, by Mr. J. H. Ritchie, 
Deputy Director of Agriculture, Northern Circle, Central 
Provinces : — 

It is notified for general information that an Agricultural 
School for the sons of malguzars and well-to-do tenants will be 
opened on the Powarkheda Farm near Hoshargabad on the 1st 
June, 1919. The course, the syllabus of which is given below, will 
be for two years and will be half practical and half theoretical. 
Boys must first have passed the Upper Primary Class before 
joining. 

Buildings have been constructed and a hostel for 32 boys will 
accommodate the students. On the farm there is a Sc.rai, and 
fathers of boys can put up there if they wish to see what their sons 
are doing. The department will probably manage to hold demon- 
strations to popularize the principal improvements if a sufficient 
number of parents assemble at the same time. It is proposed to 
allow 25 boys to enter the first year, and, as far as possible, this 
number will be allotted equally amongst the five districts of the 
Nerbudda Division. 

No fees are being charged except a hostel fee of Rs. 2-8 a month 
to cover incidental expenses, e.g., servants, lighting, etc. The 
boys can make their own arrangements for cooking, but it would 
probably be preferable if they were to form a mess and have a cook 
who is being provided with all the necessary utensils. 


7 
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Two teachers from the Education Department have been 
entertained after having received a training in agriculture at the 
Agricultural College in Nagpur. The Superintendent of the farm 
will also closely supervise their practical studies to ensure that the 
boys are being taught correctly. 

The syllabus of study is given below : — 

1. Reading — From special Agriculture Text-book being 

prepared. 

2. Writing. 

3. Arithmetic. — The best upper primary text -book to 

be used in conjunction with the text-book used at 
the Loni Agricultural School, Bombay Presidency. 
This subject will be taught with special reference to 
agricultural subjects. 

4. Greography. — The best upper primary book to be used. 

Local geography and general physical geography. 
First Year — 

(1) Propagation of plants by means of seeds, cuttings, 

budding and layering. 

(2) Seed — 

(а) Plants and their use. 

(б) Glermination and its requirements. 

(c) Grermination percentage. 

{d) Importance of good seed. 

(3) Necessity of soils for plant life. 

(4) Formation of soil in general. 

Roots — 

(a) Growth. 

(b) EfEect of light. 

(c) Use to plants. 

(d) Kinds. 

(6) Leaves — 

(а) Different forms. 

(б) Uae to plants and their work. 
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(7) Insect life — 

(a) Stages of life. 

(b) Use of colour to insects. 

(c) Their mode of feeding. 

(d) Classification according to mouth parts. 

(e) Rearing of insects to study the different stages. 

(/) Information about crop pests in general and 

methods of destruction. 

Insecticides and use of sprayers. 

Second Year — 

(1) Insects of stored grain and cattle and how to destroy 

them. 

(2) Plant life continued — 

(]) Flowers — 

(а) Parts and use. 

(б) Use to plaht in seed formation. 

(2) Dispersion of seed. 

(3) Struggle for existence. 

(4) Life-history of some plants. 

(5) General information about fungus life and some 
common diseases with controlling measures. 

(6) Parasitic plants. 

The Nature Study will be mostly or generally practical to 
develop observation. 

5. Village life — 

(1) Simple lessons on village sanitation. 

(2) Principles of marketing. 

(3) Advantages of co-operation. 

(4) Rural credit. 

(6) Village, Taluq and District administration. 

(6) System of land revenue in force. 

(7) Malguzari rights. 

(8) Reading and understanding of Patwari maps. 
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6. principles of agriculture— 

(1) Classification of soils, 

(2) Constituents of soils and their properties, 

(8) Physical properties of soils 

(4) Soil improvement. 

(5) Irrigation. 

(6) Manures. 

(7) Crops. 

(8) Vegetable growing. 

(9) Animal husbandry. 

(10) Milk. 

7. Practical farm work. — Each boy will be allotted ^ acre 

of land for growing staple crops on the group system 
and a plot for vegetable and fruit growing on the 
individual system. 

8. Elementary carpentry and smithing. 

9. Fruit and flower gardening. 

10. Elementary land-surveying and crop-cutting experi- 

ments. 

From the above syllabus it will be seen that a fairly compre- 
hensive study of agricultural practice is intended. There will be 
very little really scientific study, as most of the time will be devoted 
to the study of Nature out of doors to help and develop the obser- 
vation faculties of the boys and to stimulate their interest by making 
careful records of what they have seen. 

The department cannot offer any post to students who pass 
through this course, as it is intended that such boys should return 
to their father’s land to improve his cultivation. 

He 

He He 

The following account of the working of the Federal Farm Loan 
Act of the United States by the New York Correspondent of the 
“ Economist ” will be read with interest : — 

The Act was passed on July 17, 1916, and provided for the 
creation of two classes of institutions, both designed to lend money 
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at low rates of interest on improved farm properties. The first 
class of institutions is known as the Federal Land Banks, twelve of 
which were incorporated under the Act to operate in the twelve 
Federal Eeserve Districts, which divide as nearly as possible into 
equal portions the whole area of the United States. These banks 
are limited to twelve in number, and their original capital was 
subscribed by purchase by the Treasury Department of the United 
States. After the organization was completed and the capital 
paid in, each bank proceeded to receive applications for farm 
loans baaed on 60 per cent, of the value of the land and 20 per 
cent, of the value of improvement on mortgages not exceeding 
a total of $10,000 on any one farm. When these mortgages 
had been approved by the Federal Farm Loan Board at 
Washington, the funds were advanced by the individual banks to 
the borrowers, and the mortgages thus secured were deposited 
as collateral for the Federal Farm Loan and 5 per cent. 
Bonds issued by the twelve banks and sold to the public, thus 
providing new fresh funds to continue the operation indefinitely. 
Federal Farm Loan 4^ and 6 per cent. Bonds, while issued by 
each of the twelve individual banks, are jointly and severally 
guaranteed by all of the other banks. The Bonds have a 
maturity of 20 years, are optional after five years, and are deemed 
and held to be instrumentalities of the Government of the 
United States, and as such are free of all taxation except In- 
heritance Taxes. The Government does not, however, directly 
or indirectly guarantee the payment of either interest or 
principal, although the Federal Farm Loan Board is a bureau of 
the Treasury Department. The Supreme Court of the United 
States, in holding that the Bonds were instrumentalities of the 
Government did not state what an instrumentality was, nor 
has the point ever been conclusively answered by any court. 
When the banks were able to sell 4^ per cent. Bonds profitably 
money was loaned to the farmers at 5| per cent., but when 
the market conditions became such that it was necessaiy to 
incr^se the rate on the bonds to 6 per cent., then advances 
were made on mortgage at 6 per cent. The law provides 
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that the banks can only charge the borrowing farmer 1 per 
cent, in excess of the cost of the money to the banks, and such 
banks may continue to loan until their outstanding Bonds secured 
by mortgages are equal to 20 times their capital stock, but since 
the provisions for capital increases are relatively simple, there is 
therefore no apparent end to the operation. The same Act pro- 
vided for the creation of Joint Stock Land Banks without limit as 
to number, except that their scope of operation is limited to the State 
in which they are incorporated, and one contiguous State. Joint 
Stock Land Banks operate under Government charter and super- 
vision, and lend money on identically the same terms as the twelve 
Federal Land Banks, except that they can take a mortgage of any 
size that the directors and Farm Loan Board approve. In addition 
to these differences, the capital stock of the Joint Stock Land Bank 
is privately owned, and their bonded debt limited to 16 times their 
capital stock, nor do these banks jointly and severally guarantee 
each other’s debts, but are responsible simply for their own outstand- 
ing Bonds. Both systems have been a tremendous success, although 
the cry of class legislation has frequently been raised and efforts 
to nullify the tax exemption been repeatedly made. Mortgage 
loans of the Federal Farm Loan Banks amount to something 
over $160,000,000 while the Land Banks have loaned in the 
neighbourhood of $60,000,000. The former take care of the small 
borrower while the latter ordinarily get the business of the larger 
absentee landlords, who own and carry enormous properties 
in the North-West. As regards the Bonds themselves, both 
types have from the start proved extraordinarily attractive. The 
indirect liability of the United States Government, the tax 
exemption, the wonderful security provided by the collateral mort- 
gages have all been factors of great appeal, and no public issue 
has been made without meeting an almost immediate response. 
The . financing of the Federal Farm Loan Banks has always 
been handled by Alexander Brown and Sons, of Baltimore, while 
the Joint Stock Land Bank Bonds have almost from the 
beginning been placed by the Equitable Trust Company of New 
York. 
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POSITION OF SEED IN COTTON. 

Mb. 6. L. Kottub writes in the “ Poona Agricultural College 
Magazine ” (July 1919) : — 

The Writer was studying the causes of stunting in cotton when 
he happened to read “ Natural History of Plants ” by Kerner where- 
in the subject of the position of seed is treated in a very impres- 
sive manner. Kerner says that there are 7 kinds of cotyledons and 
in the seventh they require to be withdrawn from the seed-coat 
during germination. In this particular case, he says, the position 
of the seed is important. He cites the instance of the big and flat 
cucurbit seeds, and points out that the most favourable condition is 
obtained when the axis of the hypocotyl and radicle lie parallel to 
the surface of the groun.d. He further adds that whei' seeds of this 
sort are sown they usually assume this position. 

Cotton, we know, withdraws its cotyledons from the seed-coat 
during germination and as such the author thought that the posi- 
tion of seed had some influence on stunting. He therefore began 
experiments on the subject, but before his observations were 
complete a paper was read by Rao Saheb M. L. Kulkarni at the 
Fifth Indian Science Congress in which the “tip up^ ” position was 
described as the most advantageous in cotton. The author 
however continued his experiments and the results which he 
obtained are given here. 

One hundred seeds of the same weight were taken from a pure 
strain of cotton and sown in pots in three different positions : 
fl) Apex up, (2) Apex down, (3) Apex side. All the seeds were sown 
at the same depth, viz., 1 inch, and the con.dition of the pots was 
kept uniform throughout. The following table shows the percent- 
age of germination : — 


Pot 

No. 

Position of seed 

No. of 
seed 
sown 

1 Germination 

Total 

I Cotyledons 

4th 

day 

5th 

day 

1 

6th 

day 

W’ith coat 
on 

Without 

coat 

1 

Apex up 

100 

4 

90 

0 

94 

1 

93 

2 

Apex down 

1(10 

2 

88 

1 

91 

3 

88 

3 

Apex side 

100 

6 

90 

2 

98 

0 

98 


^ Agrtc. Joum, of India, Special Indian Science Congress Number, 1918. 
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A small percentage of these seedlings brought the seed-coat 
above the surface of the ground in the first two instances, the high- 
est percentage being 3’3 in the case of apex down position. This 
shows that position has very little to do with the bringing off of the 
seed -coat. The radicle first elongates and fixes the seedling to the 
ground. The hypocotyl then grows but in the opposite direction, 
and a pressure is thus exerted on the seed-coat. If at this stage 
the seed-coat is firmly held in its position whatever the latter may 
be, the cotyledons are easily withdrawn leaving the coat in the 
ground. But if the seed-coat is not firmly cemented to the ground 
it comes like a cap above the surface. In loose soils and in shallow 
sowings the coat is not firmly fixed and a large number of seedlings 
bring the coat on their cotyledons in the case of all positions. 

All the seedlings in the three pots were allowed to grow for 
about a fortnight and no difference in vigour was seen in favour of 
any position. The seedlings which had come up with the seed-coat, 
threw off the coat immediately and grew equally vigorous. 

Later on another experiment Was undertaken to ascertain 
the yields. In this experiment also, the seeds of one pure strain 
of the same weight were dibbled one inch deep on an even piece 
of land in the field. 112 seeds were thus sown 24 inches by 
18 inches in each position. The following statement gives the 
result obtained : — 


Serial number | 

Seed position 

Number of seeds sown 

Number of seeds 
germinated on 

Number of seed- 
lings OBTAINED 

Total 

Percentage 
of germina- 
tion 

5th day 

6ih day 

7th day 

8lh day 

9th day 

Without coat 

With coat 

1 

Apex up 

112 

4 

86 

2 

1 

0 

85 

8 

93 

83*04 

2 

„ down 

112 

0 

93 

0 

0 

1 

78 

16 

94 

84*82 

3 

X side 

112 

0 

99 

0 

0 

0 

83 

16 

1 99 

88*39 


The plai'.ts on the three plots were examined in the seedling 
stage and also later on, but it was not possible to detect any 
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difference in them. The following statement shows the yields 
obtained from these : — 


Serial number | 

Seed position 

Plants whosr cotyle- 
dons had com r up 

WITHOCT THE SEED- 
OOAT 

Plants whose cotyle- 
dons HAI* COME UP 
WITH seed-coat 

Total 

No. of plants 

Yield of kapas 
in tolas 

Per plant yield 
in tolas 

No. of planst 

Yield of kapas 
in tolas 

Per plant yield 
in tolas 

Plants 

Yield of kapas 
in tolas 

Per plant yield 
in tolas 

1 

Apex up 

! 85 

176 

2*07 

8 

19i 

2*44 

P., 


ii 

*> 

„ down 

78 

165 

2*11 

16 

33 

2*06 

94 

198 

Bll 

3 

„ side 

83 

173 

2-09 

16 

351 

2-21 

99 


m 


The results of these experiments conducted with all possible 
care indicate that there is very little advantage to be gained by the 
position of seed in the case of cotton. There is no position which 
has an appreciable influence on the germination of the seed, vigour 
of seedlings or the yield of the individual plants. 

» 

* * 

AGRICULTURAL PESTS AND DISEASES ACT IN COIMBATORE 

DISTRICT. 

The followmg note has been issued by the IVIadras Publicity 
Bureau : — 

A note has already been published explaining why the Pests 
Act has been put iD.to force in the Coimbatore District. The public 
may be interested to hear something of the result of the application 
of the Act. The particular object aimed at was the eradication of 
all Cambodia cotton by the beginning of August, so that the boll- 
worm moth, emerging from the diseased bolls, might during the 
next month find no fresh cotton plants wherein to lay her eggs. As 
no bollworm moth has been known to live for more than 34 days, 
this was calculated to effect an enormous mortality in bollworm 
circles. 

The Act has been enforced with the smallest possible friction 
and so far from ryots being at all averse .to the idea of pulling up a 
crop still capable of bearing something, they have raised no 
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objections, and in places have actually welcomed the step. It is as if 
they realized that it was bad farming to leave the crop in the ground, 
for the Coimbatore Grounden is an observant mdividual and a 
shrewd farmer, but that without the little bit of necessary compulsion 
they could not bring themselves to do what they realised they ought 
to. There have been so far as we can learn no proceedings taken 
under the Act and no opposition except in one tract where less than 
a hundred petitions are pending. This is a very satisfactory state 
of things and reflects great creditor, all concerned, on the ofiicers 
who had to sec the Ordinance carried out, ai’d on the ryots who in 
many cases suffered pecuniary loss. This latter has as a matter 
of fact not beei\ much m any case : any man who had a field of 
Cambodia cotton, in bearing must have already gathered a very 
heavy and profitable crop, and could quite wtU afford to lose the 
few and diseased bolls still remaiifirg on the plant. The staff, from 
all accounts, in.terpreted the Act lel^ien.tly, and shice the sudden 
demand for labour was impossible to meet in some tracts, a few 
days’ grace w^as permitted where asked for. The interpretation of 
the regulation and the explanation of its necessity and its bearin.g 
in the future crop of cotton were the work of the Agricultural 
Department subordinates, and right well they have done it. It 
seems odd to see a Brahmm assistant demonstrating to an interested 
crowd of Goundens, Naicks, or Gollas, the bollworm’s habits and 
the damage it does. 

A point the importance of which even our up-to-date Agri- 
cultural Department failed apparently to realize, was the great 
benefit which comes from grazing the field before pulling it out. 
The local ryot was acute enough to see that he saved both ways : 
he fed his cattle or his sheep, or at any rate got thedimg from some 
one else’s animals during the process, and at the same time he 
insured a much more certain destruction to the boll worm. Any 
one who has seen a field of cotton, after a herd of sheep and goats 
have finished with it, a bare ground with a few bare sticks on it, 
and never a sign of a boll or a leaf, and realizes what the digestive 
powers of a goat are, must realize that here we have the most 
potent instrument for boll worm destruction that could be devised. 
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WORLD’S FOOD CROP. 

The following information has been issued by the International 
Agricultural Institute at Rome : — The yield of wheat in Spain, 
Scotland, Italy, Canada, the United States, India, Japan, and 
Tunis is estimated at 929,625,000 cwt. or 5‘6 per cent, below the 
1918 crop, and 1*1 per cent, below the average yield of the five 
years 1913-17. The estimated production of rye for Italy, Canada, 
and the United States is given as 48,274,000 cwt. or 7‘1 per cent, 
below last year’s production, but 67'3 per cent, above the average 
crop for the years 1913-17. The barley crop for Scotland, Italy, 
Canada, the United States, Japan, and Tunis is estimated at 
159,397,000 cwt. or 15T per cent, below last year’s production, 
and 4'1 per cent, above the average production of the years 1913-17. 
The estimated production of oats in Scotland, Italy, Canada, the 
United States, Japan, and Tunis is 491,933,000 cwt. or 18'4 per 
cent, below the 1918 yield, and 7‘2 per cent, below the average 
yield of the five years 1913-17. The maize crop in Italy, Canada, 
and the United States is estimated at 1,473,592,000 cwt. or 10'2 
per cent, above', the 1918 production, and 3 per cent, above the 
average yield of the years 1913-17. 



PERSONAL NOTES, APPOINTMENTS AND TRANSFERS, 
MEETINGS AND CONFERENCES, ETC. 


We regret to rccoid the death of Mr. D. Meadows, Civil 
Veterinary Department, Punjab, who was drowned in a Jheel 
while out for shooting. 


WOODHOUSE-SOUTHEKN MBMOKIAL FUND. 

Ks. 

D ONATioNS received up to the 3] st Au{;u.st, 1 91 9, and acknowledged 1 ,950 
in the Agricultural Jouriml of hdia, Vol. XIV, Pt. V, October, 

1919. 

Donations received during the period from 1st September to 30th 
November, 1919 ; — 


Miss B. Wright (8) 


12 

Alfred Wiight, Esq. (S) 


50 

A. C. Debts, Esq. 


100 

R. C. Wood, Esq. 


100 

H. C. ‘Sampson, Esq. . . 


100 

L. 0. Coleman, Esq. . . 


100 

R. S. Finlow, Esq. 


50 

D. Chalmers, Esq., I.C.S. 


40 

J. H. Ritchie, Esq. 


20 

F. J. riymeu, Esq. (W) 


.. 20 

G. 1\ Hector, Esq. (W) 


20 


Total 

Es. 2,562 


( 108 ) 
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Mr. J. C. B. Drake, O.B.E., I.C.S. (Bihar & Orissa), has been 
appointed Under Secretary to the Government of India, Depart- 
ment of Revenue and Agriculture, vice. Mr. P. P. M. C. Plowden, 
I.C.S., whose services have been replaced at the disposal of the 
Government of the United Provinces. 

Ik m 
* 

Mr. a. Howard, C.I.E,, M.A., and Mrs. Gabrielle L. C. Howard, 
M.A., Imperial Economic Botanists, have been granted combined 
leave for 11 months. 

♦ 

Mr. A. P. Jameson, B.Sc., who has been appointed by the 
Secretary of State for India as Protozoologist at Pusa, joined his 
duties on the 17th October, 1919. 

* 

* * 

Mr. R. Cecil Wood, M.A,, Offg. Director of Ac^riculture, 
Madras, has been granted combined leave for 18 months from or 
after 15th March, 1920. 

■k 

* * 

Mr. F. T. T. Newland has been confirmed in his appointment 
of Government Agricultural Engineer, Madras. 

* 

On return from military service, Mr. E. Ballard, B.A., F.E.S., 
has resumed the duties of Government Entomologist, Madras. 

* 

Mr. a. Wilson, M.A., B.Sc., Deputy Director of Agriculture, 
Cinchona, Madras, has been granted privilege leave for six months 
with effect from the date of relief. Mr. E. Collins, Superintendent 
of the Naduvattam Cinchona Estate, will act for Mr. Wilson in 
addition to his own duties. 

9k 

♦ ♦ 

M. R. Ry. M. V. Raghavalu Nayudu has been appointed 
to act as Deputy Director of Agriculture, Live Stock, Madras, until 
further orders. 
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Mr. E. J. Bruen has been appointed Deputy Director of 
Agriculture for Animal Breeding, Bombay, with effect from the 
16th September, 1919. 

He He 

The Secretary of State has sanctioned the proposal to 
appoint Mr. V. A. Tamhane, M.Sc., L.Ag., to the post of Soil 
Physicist, Bombay, in the Indian Agricultural Service, after he 
goes through the requisite training in England. 

* 

♦ ♦ 

Mr. a. D. McGregor, M.R.C.V.S., Offg. Superintendent, 
(I.V.D., Bengal, has been confirmed in the Civil Veterinary Depart- 
ment. 


He 

He He 

Mr. G. C. Sherrard, B.A., Deputy Director of Agriculture, 
Bihar and Orissa, has been granted combined leave for one year. 

He 

He He 

Mr. H. M. Leake, M.A., Economic Botanist to Government 
and Principal, Agricultural College, Cawnpore, has been appointed, 
on return from leave, to ofliciate as Director of Agriculture, United 
Provinces, vice the Hon’ble Mr. H. R. C. Hailey, C.I.E., I.C.S., 
granted privilege leave for six months. 

* 

* * 

Mr. H. E. Annett, B.Sc., F.I.C., Agricultural Chemist to the 
Government of Bengal, on special duty in the United Provinces, 
has been granted combined leave for 17 months and 19 days, from 
the 12th April, 1919, exclusive of the period of his deputation in 
England for a period of six weeks. 

Mr. J. N. Sen, M.A., F.C.S., Supernumerary Agricultural 
Chemist, on special duty imder the Government of the United 
Provinces, was on privilege leave for one month from the 19th 
November, 1919. 
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Mr. T. Rennie, M.R.C.V.S., Hecond Superintendent, Civil 
Veterinary Department, Buima, has been granted combined leave 
for ten months. 

♦ 

Mr. E. Sewell, M.R.C.V.S., who has been appointed to the 
Indian Civil Veterinary Department, has been posted as Professor 
of Sanitary Science in the Punjab Veterinary College. 

* 

♦ ♦ 

On return from leave, Mr. H. E. Cross, M.R.C.V.S., assumed 
charge of the office of Gamely Specialist, Sohawa, on 27th October, 

1919. 

* 

t * 

Mr. G. Evans, C.I.E., M.A., Deputy Director of Agriculture, 
Central Provinces, is on combined leave for eight months from the 
5th July, 1919. 

* 

Mr. C. P. Mayadas, M.A., B.Sc., Assistant Director of Agri- 
culture, Northern Circle, (Vn.tral Provinces, has been transferred 
ill the same capacity to the Western Circle from the 15th October, 

1919. 





A Manual for Co-operative Societies in the Bombay Presidency.— By 
B. B. Ewbank, I.C.S. 

The author of this book is the Registrar of Co-operative 
Societies in the Bombay Presidency , and he is not one of those that 
darken counsel by words without knowledge. His purpose, he tells 
us, is to place the accumulated experience of his department, in a 
simple form, at the disposal of the public. This purpose he has 
attained ; and, after having searched Mr. H. W. Wolff’s “ Co- 
operation in India,” and after having searched in vain, for definite 
guidance conveyed in clear English, it is with great relief that one 
turns to a book which is written by an expert who has not had the 
amazin.g temerity to write about a country, or rather a collection 
of countries, which he has never even seen. Mr. Ewbank has a 
great deal to say about Co-operation in the Bombay Presidency. 
And what he says is generally well expressed and always to the 
point, though never marred by that contention for the last word 
which is the bane of human relations. A man’s opinions are not 
more important than the spirit and temper with which they 
possess him, and our author is clearly not one of those who are 
always insisting on better bread than can be made of wheat. 
In his fourth and fifth chapters Mr. Ewbank gives some valuable 
hints on the organization of agricultural credit societies. 
Regarding the number of members permissible in a credit 
society Mr. Wolff treats us to a lengthy discourse "about it and 
about,” and, at the close, “ we go out by that same door wherein 
we went.” Mr. Ewbank gets to the root of the matter in a 
sentence. “ Many societies in this Presidency have lost their 

( 112 ) 
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unity and become inefficient from tbe fact that they have allowed 
theirmembershipto become unwieldy.” Again, inhis sixth chapter, 
our author tells us, in clear language, what the radical difference 
is between co-operative credit in the town and its country cousin. 
“ An urban or limited society,” he says, “ is intended to meet con- 
ditions for which a rural or unlimited society is unsuitable. In 
country villages the members are usually thoroughly acquainted 
with each other’s character, means, and behaviour, and know exactly 
how much money a particular person requires and how far he can be 
trusted. They are, therefore, not unwilling to accept joint and 
unlimited liability for each other. This joint and tinlimited liability 
forms the basis of the credit of the society and enables it to raise 
funds from outside lenders. In a town, circumstances are different. 
Members of different classes or professions cannot all be acquainted 
with each other ; they are usually artisans or traders who own very 
little land or real property and, therefore, have no very substantial 
property to offer. They want funds for their own business but do 
not Want to be troubled with their neighbours’ affairs. It would be 
unreasonable to expect such persons to submit to joint and 
unlimited liability.” 

In his ninth chapter, Mr. Ewbank explains the functions of 
“ Guaranteeing Unions,” from Mr. Wolff’s adverse criticisms of 
which we venture to demur in the uplifted spirit of the Trodden 
Worm. “ Guaranteeing Unions ” are, in reality, nothing more 
than groups of societies, the members of which supervise each other 
and are responsible for each other’s borrowings. It is upon the 
development of “ Guaranteeing Unions ” that the expansion of rural 
co-operative credit depends in India ; for there are so few members 
of societies who are able to read and write that the promoter of 
rural economy must use an organization which is well calculated 
to get the greatest amount of public benefit from them. “ A Union 
will sweep away delays, ” declares the Bombay R^istrar. If it 
does, it will be a startling novelty in India, a country in which there 
is not much that is jaldi except the word. 

Through the interesting diapters provided on District Central 
Banks, Provincial Banks, Stores, Cattle Insurance, and other 

8 
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forms of co-operative effort we need not accompany Mr. Ewbank 
in tkis brief review. They are full of great thoughts from the heart, 
and, as expressed by a practical enthusiast, they go round by the 
head. In thirteen years the number of societies in the Bombay 
Presidency has increased from 12 to 1,650, membership from 219 to 
166,805, and working capital from a few thousands of rupees to 
Es. 1 ,62,89,000. For eight years Mr. Ewbank has guided the move- 
ment in his province, and if Registrars are to be known by their 
fruits, then, indeed, it is clear that the Bombay Presidency has 
been fortunate in securing the devoted services of the author of 
this book. [H. R. C.] 

* 

* * 

The Journal of Indian Botany, Vol. I, No. 1. — Edited by P. F. 
Fyson, B.A., F.L.S., Presidency College, Madras. [Printed 
and published by the Methodist Publishing House, Madras.] 
Price per annum, Rs. 10. 

This is the first journal of its kind that has appeared in India. 
It is designed to be a means of publishing botanical work done in 
India. Up to date there has been very little opportunity for pub- 
lishing articles on pure botanical matters. “ The Journal of the 
Bombay Natural History Society ’’has often given such articles a 
home in its pages, but the need has been felt, for some time, for a 
magazine devoted entirely to botany. 

The publications of the Agricultural and Forest Departments 
deal with botany as applied to these special subjects. The magazine 
under review deals with pure ” botany, meaning botany as a 
branch of knowledge, quite apart from its utilitarian aspects. 

On this account it is of interest chiefly to professional botanists, 
and to botanical students. The number of persons in both these 
classes in India is now considerable, and it is hoped that they 
will support this new venture, which is to them a source of great 
benefit. 

The present number is a modest blue-covered book of 32 pages, 
containing four original articles and a great number of notices of 
books and papers. These original articles compare well in matter 



REVIEWS 


116 


and style with those published in the newer botanical journals in 
Britain and America . The illustrations are well done, and intending 
contributors can see for themselves that their drawings will be 
properly reproduced. 

Subscriptions should be sent to the Editor, Professor Fyson, 
Presidency College, Madras, by any manner found convenient. 
[W. B.] 

First Report of the Bombay Central Co-operative Institute for the period 
ending the 31st Mareh, 1919. 

The institute has recently been started, and has for its objects, 
among others, the development of the co-operative movement in 
all possible directions, the organization of junior and senior classes 
for educating the secretaries and other workers of co-operative 
societies, and the publication of periodicals, leaflets and books on 
the subject of co-operation in English as well as in the vernaculars 
of the presidency. 

The report covers a period of six months only. Much of the 
time was necessarily spent on spade work and, in this, the workers 
appear to have made satisfa,ctory progress. The institute has a 
large field of work before it and conducted as it is under the guidance 
of an experienced co-operator, Mr. R. B. Ewbank, I.C.S., it ought to 
fulfil its functions. 

Thirty night schools in villages in which illiteracy hampers the 
progress of co-operation have already been opened, and it is expected 
to open ten more schools of the type. It is very gratifying to 
note that the promoter of this promising scheme — Sic Yithaldas 
D. Thakersey — has undertaken to pay the cost amounting to 
Rs. 60,000 and to continue to finance the scheme should it prove a 
success. [Editob.] 

*% 

The Preliminary Report on the Water Power Resources in India.— By 
Mr. J. W. Mbares, M.I.C.E., Chief Engineer, Hydro Electric 
Survey. [Superintendent of Government Printing, Calcutta.] 
The report consists of 7 chapters, illustrated with excellent 
plates and maps, and 14 appendices containing the information 
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hitherto collected regarding the rivers and other possible sources 
of electric power in India and Burma. 

The opening chapter contains a very clear exposition of the 
methods by which power can be developed from streams and reser- 
voirs, and corrects the popular misconception that a natural 
waterfall like that in the Cauvery or at Niagara is necessary. Thfe 
importance to India of combined schemes of irrigation and power 
is also clearly brought out. Further on, “ Weather and Water,” 
“ Localities and Surveys,” “ Power and its Uses,” are dealt with. 
Then follows a chapter on State control, charge*^ for water power 
and leases and agreements. Chapter six summarizes our present 
knowledge of the water power already developed, under 
development, and examined with a view to development . A general 
description is given of the conditions in each province as an 
introduction to the “ Lists of Sites ” in the Appendices. 

The final chapter puts forward a constructive programme for 
the further work of the survey in its various aspects, and calls 
attention to specially favourable sites for survey and perhaps 
development. 

So far as the preliminary investigation has gone — and it is 
admittedly incomplete — India’s industries now absorb a matter of 
over a million horse power, of which only some 285,000 is supplied 
by electricity from steam, oil or water. The water power so far 
actually in sight amounts to Ij million horse power, but this 
excludes practically all the great rivers at present unin vest i^ted. 
Thus it is stated that the minimum flow of the seven great rivers 
eastward from the Indus is capable of giving no less than 3 million 
horse power for every thousand feet of their fall from the 
Himalayas, while similar considerations apply to rivers in other 
parts. Some doubt, however, is expressed as to the estimate of 
seven million horse power in the Irrawaddy and Chindwin rivers, 
given in the Eeport of the Conjoint Board of Scientific Societies. 

While Bombay is in an especially favourable position in respect 
to water power, Bengal at present depends on its coal fields, thou gh 
it has the honour of owning the first hydro-electric station in India 
at Parjeeling. In this neighbourhood, the report shows that great 
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power is available from the Teesta, the Jaldaka and other rivers of 
Bengal and Bihar. What is now wanted is a capitalist to develop 
these potential sources of wealth. 

The first edition of 2,000 has been practically taken up for 
official use and a second impression has already been ordered. 



NEW BOOKS 

ON AGRICULTURE AND ALLIED SUBJECTS 

1. A Jjarge State Farm * A Business and Educational Under- 

taking, by Lt.-Col. A. G. Weigall and Castell Wrey. 
Pp. xiii-f 82. (London : John Murray.) Price, 2s. 6J. net. 

2. The Flower and the Bee : Plant Life and Pollination, by J. H. 

Lovell. Pp. xvii-j-286. (London : Constable & Co., Ltd.) 
Price, 10s. 6J. net. 

3. The Farmer and the New Day, by K. L. Butterfield. Pp. 

ix-|-311. (London : Macmillan & Co., Ltd.) Price, 
8s. 6J. net. 

4. The Fauna of British India, including Ceylon and Burma. 

Coleoptera, Chrysomelida) (Hispina; and Cassidinse), by 
Prof. S. Maulik. Pp. xi-|-439. (London : Taylor & 
Francis.) 

5. The Cactaceaj ; Descriptions and Illustrations of Plants of the 

Cactus Family, by N. L. Britton and J. N. Rose. Vol. I. 
(Washington ; The Carnegie Institution.) 

6. Problems of Fertilization, by Prof. F. R. Lillie. (University 

of Chicago Science Series.) Pp. xii 4-278. (London : Cam- 
bridge University Press.) Price, 1-75 dollars. 

7. A Source- book of Biological Nature-study, by E. R. Downing. 

(University of Chicago Nature-study Series.) Pp. xxi-f603. 
(London : Cambridge University Press.) Price, 3 dollars. 

8. Mining and Manufacture of Fertilizing Materials and their 

Relation to Soils, by S. E. Lloyd. Pp. vi4-153. (London : 
Crosby Lockwood & Son.) Price, Ds. net. 

9. Mathematics for Collegiate Students of Agriculture and General 
Science, by Profs. A. M. Kenyon and W. V. Lovitt. Revised 
edition. Pp. xii4-337. (London : Macmillan & Co., Ltd.) 
Price, lOs. Qd. net. 
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10. First Advice to Would-be Farmers, by E. E. Green. Pp. 190. 

(London: “Country Life” Offices.) Price, 5s. net. 

11. Note-book of Agricultural Facts and Figures for Farmers and 

Farm Students, by P. McConnell. Pp. 538. (London: 
Crosby Lockwood.) Price, 15s. net. 

12. The Silk Industry and Trade : A Study in tbe Economic 

Organization of the Export Trade of Kashmir and Indian 
Silkj with Special Reference to their Utilization in 
the British and French Markets, by Ratan C. RawUey. 
Pp. xvi-fl72. (London : P. S. King & Son.) Price, 10s. 
6d. net. 

13. Birds Beneficial to Agriculture : Economic Series No. 9 British 

Museum (Natural History), by F. W. Frohawk. Pp. vi-1-47. 
[London : British Museum (Natural History).] Price, 2s. 

14. The Planting, Cultivation, and Plxpression of Coconuts, 

Kernels, Cacao, and Edible Vegetable Oils aixd Seeds of 
Commerce. A Practical Handbook for Planters, Financiers, 
Scientists and others, by If. Osman Newland. (Griffin’s 
Technological Handbooks.) Pp. vi+lll+xi plates. 
(London : Charles Griffin & Co.) 

15. Heredity, by Prof. J. Ai'thur Thomson. Third edition. (The 

Progressive Science Series.) Pp. xvi-t-627. (London : John 
Murray.) Price, 10s. net. 

16. Catalysis in Theory and Practice, by Dr. E. K. Rideal and 

Prof. H. S. Taylor. Pp. xv-1-496. (London : Macmillan & 
Co.) Price, 17s. net. 

17. Insect Artizans and their Work, by Edward Step. (Hutchin- 

son’s Nature Library.) Pp. x-1-318. (London : Hutchinson 
& Co., n. d.) Price, 7s. 6d. net. 

18. Insect Pests and Plant Diseases in the Vegetable and Fruit 

Garden, by F. Martin Duncan. Pp. 95 -j-xii plates. (London: 
Constable & Co.) Price, 3s. 6d. net. 

19. The Condensed Chemical Dictionary, compiled and edited 

by the Editorial Staff of the Chemical Engineering Catalogue. 
Pp. 626. (New York : The Chemical Catalogue Co., Inc.) 
Price, 6 dollars. 
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20. Applied Economic Botany baaed upon actual Agricultural 
Gardening Projects, by Dr. M. T. Cook. Pp. xviii4-26l. 
(Philadelphia and London : J. B. Lippincott.) Price, 
7s. Qd. net. 

The following publications have been issued by the Imperial 
Department of Agriculture in India since our last issue : — 

Memoirs. 

1. Absorption of Lime by Soils, by F. J. Warth, M.Sc., B.Sc., and 

Maung Po Saw. (Chemical Series, Vol. V, No, 6.) Price, 
E. 1-2 or 2s. 

2. A.Pythium Disease of Ginger, Tobacco and Papaya, by 

L. S. Subramaniam. (Botanical Series, Vol. X, No, 4.) Price, 
Rs. 1-8 or 2s. 6d. 

Bulletins. 

1. A Contribution to Our Knowledge of South Indian Coccidm, 

by T. V. Ramakrishna Ayyar, B.A., F.E.S., F.Z.S. (Bulletin 
No. 87.) Price, As. 14 or Is. Zd. 

2. Second Hundred Notes on Indian Insects. (Bulletin No. 89.) 

Price, R. 1-4 or 2s, 

3. A Malarial Parasite in the Blood of a Buffalo, by A. L. Sheather, 

B.Sc., M.R.C.V.S. (Bulletin No. 90.) Price, As. 6 or 7d. 

Reports. 

1. Proceedings of the First Meeting of Agricultural Chemists and 

Bacteriologists held at Pusa on 24th February, 1919, and the 
following days. Price, R. 1 or Is, 6d. 

2. Scientific Reports of the Agricultural Research Institute, Pusa 

(including the Report of the Imperial Cotton Specialist), 
for the year 1918-19. Price, R. 1-4 or 2s, 

3. Annual Report of the Imperial Bacteriological Laboratory, 

Muktesar,for the year ending the 31st March, 1919. Price 
As. 4 or 5d. 

Miscellaneous. 

1. Guide to Agricultural Section, Pusa. 
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2. Scientific Reports of the Agricultural Research Institute, Pusa (including the Report of 
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4. Proceedings of the Board of Agriculture in India. 
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Proceedings of the First Meeting of Veterinary Officers in India, held at Lahore on the 
24th Biarcb, 1919, and following days (with Appendices). Price, As. 8 or 9d. 


HEMOIRS OF THE DEPARTMENT OF AORICDLTURE IN INDIA 


BOTANICAL SERIES 

Vol. IX, No, IV. Studies in Indian Sugarcanes. No. 3. The Classification of Indian Canes 
with special reference to the Saretha and Sunnabile Groups, by C. A. 
Barber, bc.d. Price, Rs. 2-4 or 3s. 

Vol. IX, No. V. Phytophthora Meadii n. sp. on Hevea brcuUUntis, by W. MoRak, M.a., 
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No. 6. The Effect of Manuring with Superphosphate and Sannai on the Yield of Crops on 
Indigo Planters' Estates in Bihar— especially of Rabi Crops in the Season 1918- 
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Howard, m.a. 288 pp. Price, Rs. 5 or 7s. 6(2. 

*'A Description of the Imperial Bacteriological Laboratory, Muktesar: Its Work and 
Products,” by Major J. D. B. Holmes, m.a., d.bc., M.R,av.8. Price. As. 8 or 9(1. 
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SOME COMMON INDIAN BIRDS. 

No. J. THK BLUE-TAfLKDBKK-KATKR (MEROPS PHILIPPINVS). 


BY 

T. BAINBBICtGE FLETCHER, R.N.. F.LS., F.ES., F.Z.S, 

Imperial Entomologist; 

AND 

C. M. INGLIS, M.BO.U. 

Our last paper^ dealt with a useful bird — useful, that is. 
so far as agriculture is concerned — ^Imt the same adjective camiot 
be applied to the Blue-tailed Bee-eater, as it is on the whole ai\ 
injurious species by preying on beneficial insects. 

In appearance and habits it is much like its commoner and 
smaller, but equally noxious, relative, the Common Indian. Bee- 
eater {Merops viridis), from which it is distinguishable by its chest- 
nut throat (green or bluish-green in M. viridis). It is shortly 
described by De^^’ar {Indian Birds, p. 161 ) as “geneial hue green, 
shot with branze ; the tail is bluish. Them is a broad, black streak 
running through the eye. The chin is dirty cream colour. The 
throat is chestnut-red. The eye is bright red.” 

The Blue-tailed Bee-eater occurs conmiouly throughout the 
Plains of India but is partially migratory, visiting Northern India 
in the summer and Southern India in the winter. In Bihar they 
are seen from March to October and m the Duars have only been 


^ Agrk. Jcum. of India, XV, 1. 
■( 121 ) 
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noticed during June and July. Mr. Stuart Baker only once came 
across it in North Cachar. Usually it is seen in small numbers or 
singly in one place but occasionally it congregates in large numbers. 
As a rule it is commonest in woll-wooded districts. It is fond of 
perching on a post or telegraph wire or other suitable situation 
whence it swoops down on its prey which is usually captured on 
the wing, the bird thereafter returning to its perch. The flight 
is swift and graceful and the note a mellow whistle continually 
uttered while on the wing. During evenings, especially after 
rain, numbers may be seen hawking about on the wing for a long 
period without settling. 

This Bee-eater is common at Pusa and the late C. W. Mason 
examined the stomachs of thirteen birds between April and October. 
He states^ that, of 83 insects taken, 70 were beneficial, 3 injurious 
and 10 neutral. The beneficial insects taken included diagonflies, 
honey and other bees, and wasps, and in the n.eiglibourhood of an 
apiary these birds may be a decided pest by snapping up the bees. 

Breeding occurs, usually in large coloi'.ies, some time between 
March and June, hi a hole which may be fo\ir to seven feet long with a 
diameter of two to two and-a-half inches ai'd which is excavated 
in a bank, usually a river bank though not always so, the cgg-cliamber 
being about half a foot in diameter and, what is miusual with bee- 
eaters, it is sometimes lined with grass or feathers. Four* or five 
and rarely seven glossy, white, almost globular, eggs are laid. Our 
Plate shows the entrance of a nest. 

Besides the present species there are six others fomid in Lidia 
and Burma, viz., the Common Indian Bee-eater {Merops viridis), 
a smallish green bird with a golden hue on the crown of the head 
and the usual black band under the eye. This is the commonest 
of all the Bee-eaters and as a rule resident wherever it occurs. 
We shall probably return to it in a later paper. The Blue-cheeked 
Bee-eater {Merops persious) is very like the Blue-tailed bird but has 
the upper surface of the tail green instead of blue. This is a mi- 
grant from Africa and West and Central Asia to the North-West of 


^ Memoirs, DepU Agriculture, India, JEnU Series, Vol. Ill, p. 166 . 
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India, breeding there. The European Bee-eater [Merops apiaster), 
a amaller species with a yellow instead of a chestnut throat, is 
also a migrant from Africa, visiting Kashmir and the Punjab during 
May and June. The Chestnut -headed Bee-eater {Melittophagus 
smnhoei) has a short tail and is chestnut above : this species is 
mostly confined to forests. The Blue-bearded Bee-eater {Nyctiornis 
athertoni) and the Red-bearded Bee-eater {N. amiotus) are stout 
birds for Bee-eaters, and have, as can be seen by the names, blue and 
red plumes down the breast ; they are green above ; these birds 
are not so graceful in their movements as the other Bee-eaters. 
Blanford says the nidification of the latter binl is unknown but 
since then the eggs have been taken in Perak in February ; they 
appear to be snialler tlian those of the Blue-bearded species. 



INVESTIGATIONS CONCERNING THE PRODUCTION 
OF INDIAN OPIUM FOR MEDICAL 
PURPOSES. 

BY 

H. M. LEAKE, M.A, F.L.S., 

Officiatwg Director of Agricullmc, IJmted Provinces : 

AND 

H. E. ANNETT, B.S( F.LC., F.C.S., 

Agricultural Chemist to Government of Bengal, on special duty in the 
United Provinces. 

From time to time references have been received from the 
Opium Department with reference to the supposed increase during 
recent years in the severity of fungoid attack on the poppy plant. 
The attack leads to diminished yield and, consequently, to a dimi- 
nished willingness on the part of the cultivator to grow that crop. 
It was, therefore, decided to take up the serious study of the poppy 
plant at Cawnpore. From the mycological aspect the disease had 
received much attention at the hands of the Mycological Section 
at Pusa^. There remained, however, the study of the poppy plant 
itself. Since a brief investigation of the plant, carried out by the 
Howards and Abdur Rahman^ in 1910, the crop had received no 
attention from the botanical aspect, 

The existence of races resistant to fungoid disease is a well- 
krown phenomenon and the isolation and multiplication of such 
races has formed a marked feature of the work of many of the 
American agricultural stations. Bilfen’s work on wheat is an 

* Baporl of the Agric. Bed. Insl., Bum, 1913-14, 1914-15 and 1915-16. 

2 Meimira of the Dept, Agric. in India, Bot. Series, Vol. Ill, No. 6, p. ;{2l. 

( 124 ) 
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example of this class of work carried a stage further. Biffeu has 
succeeded in combining the disease-resistant character of one wheat 
with economic characters, such as strong straw and ‘ strength,’ 
exhibited by other classes of wheat, into one individual from which, 
by multiplication, a seed supply sufficient to sow extended areas 
has been produced. It seemed more than probable that a similar 
study of the poppy plant would, in like manner, lead to the dis- 
covery and isolation of disease-resistant races from the poppy 
crop. 

It is a recognized fact that field crops, as grown by the cultivator, 
are, with the rarest exceptions, mixtures. It is almost invariably 
possible to isolate from a single field a large number of types differing 
from each other both in structure, in habit and in quality of the 
produce. There appeared no a priori reason why this should not 
equally be the case with tlie poppy croj), and a preliminary examin- 
ation of the cultivators’ fields only strengthened the conviction. 
In its initial stages, therefore, the in.vestigation was confined to the 
isolation of as many types as possible from the crop as generally 
grown, with the object of obtaining, from among these, certain, t\q)es 
that showed a natural resistance to tire disease responsible for such 
widespread loss. 

In the year 1916, the investigations received a differeirt orienta- 
tioir. In pre-war days the opium produced in the Balkans and Asia 
Minor, which normally coirtains 12 to 14 per cent, of morphine, 
practically held the monopoly of the medical opium market. When 
Turkey and Bulgaria entered the war against us, supplies of medical 
opium failed, a failure which synchronized with the time when 
the demands of ourselves and our allies were greater than ever. 
Indian opium in the past has been distinguished by its low morphine 
content, which has been stated to be about 8 per cent. ; and, mainly 
for this reason, it was not employed for medical purposes in pre-war- 
days. The problem, therefore, of raising the morphine content of 
Indian opium, which had been put forward at intervals since the 
early nineties, became acute. There was, moreover, the additional 
incentive that the trade might be retained permanently after the 
war. 
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In. the manufacture of opium alkaloids British firms have been 
able easily to defy competition. At least 90 per cent, of the opium 
sold for medical purposes is used for the manufacture of alkaloids, 
and the remainder for druggists’ requirements in powders, tinctures 
and such like. For the former purpose, the manufacturers naturally 
desire opium of high alkaloidal content. For the latter, there is 
little market for opium containing less than 9^ per cent, morphine 
in the dry opium, since the British Pharmacopoeia lays down that 
opium used for pharmaceutical purposes must contain between 
9j and 10^ per cent, of morphine. Opium of higher morphine 
content than 10| per cent, may be reduced to the required standard 
with opium containing less than 9^ per cent, of morphine. The 
scope of the investigations was, therefore, extoided with the object 
of removing the disabilities under which the Indian produce laboured 
as a source of opium for medical purposes and the present article 
summarizes the progress of this aspect of the work. 

Botanical. 

The general lines along which the botanical investigations 
have been developed have been aheady stated. As conceived, 
it consisted in the isolation of pure races with a view to the intro- 
duction of disease-resistant cultures. Subsequently selection was 
extended to the development of races yielding opium of high mor- 
phine content. Further, siglit was not lost of the i) 0 ssibility of 
developing work along the lines so successfully employed by Biffen 
in the case of wheat. 

For the purposes of this investigation large numbers of samples 
of seed of the poppy were procured and sown in 1914, while cultures 
have been made of further samples of seed received yearly. The 
bulk of these samples were obtained from the poppy -growing tracts 
of the United Provinces but work was not restricted to these. Seed 
has been procured from such diverse localities as Malwa — ^the second 
largest poppy-growing tract of India — ^the hill districts round 
Jaunsar, Persia, Egypt, England — ^the true opium poppy of the 
Balkans and Asia Minor kindly supplied by Mr. L. Sutton — and 
Japan. 
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The pollen of the poppy is light and dry and may be carried 
long distances by wind. The flower is, moreover, open and freely 
visited by bees. Cross-fertilization is, therefore, of frequent occur- 
rence ; as many as 25 per cent, of the offspring of a pure type have, 
in some cases, been identified as crosses. To guard against such 
contamination of the pure lines protection has to be rigidly carried 
out in all work on the crop. With suitable precautions, however, 
the isolation and maintenance of pure races is not a matter that 
presents any great difficulty. 

From the preliminary sowings of the seed so procured a series 
of single plant cultures were raised which included all the forms re- 
cognizably distinct and gave a very fair indication of the differences 
to be found in the poppy as grown by the cultivator. The pre- 
liminary cultures at once indicated the correctness of the supposition 
as to the mixed -nature of the crop. They indicated yet another 
point frequently met with when the vernacular names of races 
are considered ; namely, that the name applied to one race in one 
tract is applied to another race in another tract. To such an extent 
is this the case with the poppy that different officers of the Opium 
Department, intimate as is their knowledge of the plant, liavc 
frequently, when visitij'g the experimental fields at Cawi'pore, 
applied different names to the same culture. This is no slight on 
the officers of that department ; the diversity of name is due to the 
diversity of the districts in which tho.se officers serve. It emphasizes, 
however, the unreliability of vernacular names as a guide to accurate 
work and of the use of such names as a basis for accurate con- 
clusion. 

These cultures further indicated, what is also commonly found 
in such cases, that, while purity is rarely, if ever, found in the 
field, a fair degree of purity is of common occurrence. Stated 
in another way, a culture frequently shows a donrinant type to 
which the name used by the cultivator may be presumably 
applied. A few examples taken from a large number of 
analyses of preliminary sowings will indicate the degree of relia- 
bility that can be placed on the interpretation of vernacular 
names. 
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Percetdage of different types found in different cultures of the poppy 

plant. 
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7 

Katela 

20 
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40 

8 
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10 

20 
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In the above table the types are referred to by numbers for 
the sake of simplicity but type 0 is the typical Katela plant. The 
eighth sample, therefore, contains no Katela plants at all though 
the seed beais that name. A comparison between samples 1 and 9 
illustrates a further point. These samples bear difleren.t names 
yet the two are composed of practicall}' idejitical mixtures. 

From the single plant cultures so raised with every precaution 
against accidental cross-fertilization it has l^een possible to select 
out a large number which showed every indication of purity. These 
cultures, in their turn, have formed, on the one hand, the basis of 
the chemical work and have provided, on the other, an in.dication 
as to the degree of susceptibility of the different types to disease. 
Differences occur in such morphological characters as leaf shape ; 
colour of stem, green or blackening on ripening {Kali Danti ) ; 
height of stem ; shape and colour of petal ; shape and surface of 
the capsule, waxy or shining {Telia) and colour of seed ; while, 
in addition to the question of disease, marked differences in. the time 
of maturation and in susceptibility to insolation occur among the 
physiological differences. (Ihemical analysis of the opium derived 
from these pure cultures has indicated that the racial diversity 
in morphine content is large. Eaces have been isolated which have 
as high a morphine content as 20 per cent, while, at the other 
extreme, are races yielding only 6 per cent, morphine in their 
opium. 
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A large proportion of the races yield opimn containing more 
morphine than that required by the British Pharmacopoeia standard 
for medical opium. Selection for vigour and disease-resistance in 
combination with a high morphine content has not, therefore, been a 
matter of extreme difficulty. It has, in fact, been possible to isolate 
suitable races directly and without recourse to synthesis of a plant 
by the union of characters previously not found in combination. 
The elimination of this n.ecessity has simplified the problem from 
the breeder’s point of view though the scien,tific interest attached 
to the successful unioi'. of such intangible characters remains. 

(■HEMICAL. 

’I'lie desirability of detei mining the extent to whicli the capacity 
to produce an, o})ium havii'g a high morphine content could be 
coirsidered a plaint character was early evident a.nd the ejirlicst 
chemical work was tlevoted, therefore, to the examii’.ation of the 
opium derived from the 500 odd pure races of whiclx the opium 
had been extracted. The analytical work in.volved iix this work 
was, }'.aturall}', considei’able ; but the results .shewed that there was 
a considerable variation, in morphij'c conteid of the opium of the 
different races. Reckoned on. the dr}- opium, the morphine content 
varied from (VS to 20-5 per cent. A number of these pure races 
have been grown in three successive season,s ixx order to see whether 
theje is aiiy seasonal variation, involvetl. The results of the work 
are, in this respect, incomplete but, in many cases certainly, a race 
producing opium of high morphii’e coixtent has maintained this 
character. ()i\ tlie other liand, it must be admittetl that there are 
many cases ii\ which opium produced from the same pure race 
varies considerably ijix its morphin.e content in successive years. It 
must be remembered that purity in. this case has been, determined on 
morphological, and certain obvious physiological, characters only. 
That certain of the races, a])pareutly pure when judged by these 
standards, should jxrove to be impure with respect to less obvious 
characters need not be a matter for surprise ; an.d the results so far 
obtained would appear to point to the probability that the production 
of opium with high or low morphine content is a race character. 
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Fortunately the first season’s work supplied the explanation 
of the reason why Indian opium was generally found to possess a 
low morphine content. But before dealing with this it will be 
convenient to indicate the manner in which opium is obtained 
from the poppy capsule. About 12 to 18 days after the fall of the 
petals, the capsule is ready for lancing. The cultivator recognizes 
the correct stage of ripeness mainly by touch. He uses a knife 
built up of three or four parallel blades, with sharp points set about 
1/16 inch apart. This kinfe is drawn carefully and vertically over 
the surface of the capsule while care is taken that the points do not 
incise too deejdy. The incision, is made in the early afternoon 
and early the next morning, after the dew has evaporated, the 
coagulated latex is collected and stored in earthenware vessels. 
The capsule is lanced again at successive intervals of three days 
as long as it will yield latex. At times each capsule will receive 
as many as eight successive lancings in this manner. The produce 
of all these lancings has, in the past, been mixed together by the 
cultivator before the opium is made over to the opium officer. 

The produce of each successive lancing has been examined 
separately for morphine conteirt. The results of 4his examination 
proved to be of considerable interest in that they afforded an 
explanation of the generally low morphine content attributed to 
Indian opium. The morphine content of the opium was foimd 
to diminish rapidly at each successive lancing. The appended 
figures are typical of the many hundreds of determinations made. 

Morphine per cent, in the opium from successive lancings of the 

same capsules. 


! 

(Scries j 

1 

No, of lancing 

2,3 

4 ; 6 

1 

, 14*3 

11*3 

8-9 

5*7 *r~ 

II 

' 16-7 

14*5 

10*5 

8*2 . — 

Tit 

j 11-5 

8*0 1 

57 

3*5 1 1*5 


The fall in the morphine content of the opium of each successive 
lancing is striking. Samples of opium from the fifth lancing which 
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yielded no morphine by the ordinary methods of analysis have been 
met with. 

In Asia Minor and the Balkans each capsule receives only 
one lancing and herein lies the simple solution of the problem why 
the produce of this area is so much higher in morphine content than 
that of Indian opium in the past. 

Another very important factor which must be taken into 
consideration in any work on opium has also been elucidated. It 
is that the number of capsules borne on a plant influences the 
morphine content of the opium produced. Thus the opium of the 
first capsule to appear — the terminal capsule — is much richer in mor- 
phine than that from the capsules subsequently fonned — the lateral 
capsules — on the same plant. The following figures, selected at 
random, from numerous similar sets illustrate this poin.t. 


Morphine content of opium of each successive lancing. 





No. of lancmg 


Serial 

Description 






No. 

1 

1 2 

1 

3 

4 

5 


1 

Terminal capsuloa 
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i 8-4 

5 '3 

3*3 

_ 


l^atcral capauloH of sami* plants 

12-2 

7*1 

40 

— 

— 

11 

Terminal capsules • . . 

15-7 

12-3 

7*5 

0*4 

2*8 


Lateral caiisules of same plants 

8-2 

50 

l'() 

1-3 

00 


This line of work obviously indicates that, in order to procure 
opium of the highest morphine content, it is desirable to develop 
a race which produces only one capsule per plant. Recognition 
of this factor is also of much importance in any work on the poppy 
latex and allowance has been made for it in later work. 

The effect of climate on the morphine content of opium has 
also been investigated. Opium of high morphine content has been 
produced in all countries, e.g., Sweden, Germany, France, the 
United States of America, Africa, Egypt, Turkey and Japan. 
Hence it hardly seemed likely that climate was a ruling factor. 
In these experiments the same pure race has been grown at various 
places in the plains and at various altitudes in the hills. These 
experiments have been continued for three seasons. Stated briefly, 
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the various conditions under which the plant has been grown have 
exerted no marked effect on the morphine content of the resulting 
opium. Sudden changes in weather conditions, however, affect 
the yield of latex. For instance, east winds and cloudy weather 
diminish the yield of latex but do not influence its morphine content. 
A similar effect has been observed by one of tlie writers (H. E. Annett) 
in the flow of palm juice. 

The effect of various manures has been carefully studied. Of 
the various mineral manures used at Cawnpore only nitrogenous 
manures appear to have an appreciable effect. Nitrate of soda 
increases the yield of latex considerably, in fact almost doubles it ; 
but the percentage of morphine in the latex is not altered to a 
significant amount. The effect of nitrate is to increase the size 
of the capsules and not to i increase their numbei'. 

It is not possible to enter in detail into the numerous other 
observations which have been made. The influence of the age of 
the capsule at the time of lancing has been studied and it has been 
found that very young capsules, say 5 or 6 days old, produce opium 
of low morphine content ; but, after this age, the morphine content 
of the latex is more or less constant, however old the capsules may be. 
Moreover, the morphine content of tiie latex diminishes in the later 
runnings from the same cut surface. The effect of different methods 
of lancing has also been studied in detail and has led to interesting 
information relating to latex flow. 

In this account attention has so far been dii'ected only to the 
question of morphine. But accompanying morphine, in opium, 
arc many other alkaloids, chief among which are codeine and nar- 
cotine. As tjie result of new methods of estimation which have been 
(.Icvised in the course of this work, it has been possible to study 
the behaviour of these also. They do not behave at all in the 
same way as does morphine. Thus the percentage of codeine 
appears to remain constant in the opium from each successive 
lancing of the same capsule. In this connection an interesting 
problem, which is noAV forming the subject of investigation, arises 
as to why Indian opium is so rich in codeine. It contains 2 to 4 
per cent, of this alkaloid whereas Turkish opium contains only 
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small quantities. The high codeine content of Indian opium 
brings it much into favour with alkaloid manufacturers since 
codeine is more valuable than morphine. 

The whole work has thrown much light on the function of 
kalaloids in plant life. The animal takes in complex foods and 
excretes much of its nitrogen in a simple form as urea. The plant, 
on the other hand, lives on simple substances and builds up complex 
compounds. It is not surprising, therefore, that its waste nitro- 
genous substances are complex in structure ; and these investiga- 
tions point to the fact that the alkaloids represent the useless end 
products of metabolism. In this connection it may be pointed 
out that the caoutchouc content of rubber latex appears to show 
phenomena similar to those exhibited by the morphine con.tent 
of poppy latex. Thus, in successive incisions made in the same 
plant for rubber, the caoutchouc content appears to dinrinish 
in the same manner as the morphine diminished in successive 
lancings from the same capsule. 

(Conclusion. 

For some years past work bearing on this subject has been 
carried out by the Imperial Institute aird the late.st account appears 
in the Bulletin of that Institute for .Jamiary-March, 1919. The 
Work which is there described is open to cr iticism on several points 
and the opportunity now offered of referring to it may be takeir. 

The figures given earlier in this note with reference to the 
constitution of the field crop indicate the danger of placing any 
reliance on vernacular names for the identification of a race. In 
the case of the poppy this is, as has been said, particularly true. 
In two cases only, the KaU Dmiti (black-stemmed) and the Bamn'a 
(dwarf) are the names applied with any certainty, while the name 
Katela is used indifferently for at least two entirely distinct types. 
It must not be forgotten, further, that the cultivator will apply 
a name to his crop, however complete the mixture of types he is 
growing may be. The pure cultures which have been subjected 
to chemical test and which include every recognizable type of plant, 
indicate the existence of little or no correlation between the type, 



134 


AGRICULTURAL JOURNAL OF INDIA 


[XV. n. 


in the morphological sense and as recognized by the cultivator, 
and the morphine content. The recommendations based on the 
use of vernacular names and particularly that made on page 11 of the 
article under reference “ that the varieties noted on page 8 and 9 
are well Worth consideration for cultivation purposes” would appear, 
therefore, to rest on sii'gularly insecure foundations. 

It may, further, be noted that no information is given with 
regard to the origin of the samples in respect to the lancing from 
which they were derived. In view of the absence of this record, 
it must be assumed that this point was not considered and that 
the history of the samples in tliis matter was not recorded. It is 
far from likely that, unless especial precautions were taken, these 
would all contain yields from the same number of lancings since 
frequently the capsules dry up after a second lancing in one district, 
whereas, in a neighbouring district, they may yield as many as five 
successive lancings. The variations recorded in the course of that 
paper are now known to be fully within the range given by different 
lancings of the same plant and may be as readily ascribed to this 
cause as to racial, or soil, differences. The problem under con- 
sideration is, in fact, typically one which can be studied only on 
the spot. 



THE ELEVENTH MEETING OF THE BOARD OF 
AGRICULTURE IN INDIA. 


BV 

F. J. F. SHAW, D.Sr., A R.C.S., F.L.S , 

Second, Imperial Mycologist. 

The eleventh meeting of the Board of Agriculture was held at 
Pusa from 1st to 6th December, 1919, under the presidenc}’ of Mr. 
James Mackenna, Agricultural Adviser to the Government of India. 
There was an exceptionally large attendance of members and visitors, 
the latter including, k'sides the Ifon’ble Sir Claude Hill and the 
Hon’ble Mr. R. A. Mant, Mr. Lewton-Brain, Director of Agriculture, 
Federated Malay States, and the members of the Indian Sugar 
Committee. 

The first day’s proceedings opened with a speech from Mr. 
Mackenna, in which he made a survey of the more unportant events 
affecting the Department of Agriculture durhig the past two years. 
Since the last Board, sectional meethigs of workers in chemistry, 
mycology and entomology had been held and had been an unqualified 
success. Provincial Boards of Agriculture, to meet amiually, had 
been formed in some provinces and it was hoped that, by solving 
questions of purely local importance, they would materially lighten 
the labours of the full Board. In conclusion, the President dwelt 
on the approaching changes in the personnel of the Department of 
Revenue and Agriculture. In Sir Claude Hill the department was 
losing a head who had ever identified himself absolutely with 
the interests of the Service, and in Mr. Mant they had always had a 
sympathetic and helpful Secretary. 

( 186 ) 
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On the conclusion of the President’s speech, committees were 
appointed to deal with the various subjects. It is not possible 
within the limits of a l)rief article k) do adequate justice to the 
interesting debates and the important resolutions resulting from 
these discussions. This information will be found in detail in the 
published proceedings of the Board. 

The first two subjects Avere considered together at a full meeting 
of the Board and dealt with the danger of the depletion of the 
nitrogen content in Indian soils ))y the introduction of high- 
yielding varieties of cro])s and intensiw cultiA'ation, and the resulting 
importance of investigations into the conditions of nitrogen fixation 
in Indian soils. Mr. Hutchinson, who opened the discussion, 
compared the depletion of the nitrogen reserves in Indian soils to the 
exhaustion of European (;()al-fields. In Bihai' the cidtivatoi' deli- 
berately avoided securii’g a higher yield by intensive cultiA'^ation 
and aimed at a low average yield which would not deplete the ferti- 
lity of the soil. The level of this fertility Avas determined, partly 
at any rate, by the natural rate of nitrogen fixation, and he would 
urge upon the Board the desirability of passing a resolution on the 
necessity of research upon, nitrogen fixation in Indian soils. Mi. 
Burt, Avhile in sympathy AA'ith the suggestion for research on nitrogen 
fixation, thought that there A\"as little eA'idence of soil exhaustion 
in the districts Avith which he aa'hs familiar. It Avas of great impor- 
tance that improATd cultivation and manure should accompany 
the introduction, of improA^ed varieties. The Board finally jiassed 
a resolution stating that the time had noAv come Avhen eA^eiy pro- 
vince should have its oAvn Agricultural Bacteriologist and that the 
staff of the Imperial Agricultural Bacteriologist should be 
strengthened. 

The Board then considered the report of the committee on 
subject (iii), dealing with the export of cattle abroad. The com- 
mittee stated that they did not consider that any deterioration, 
to a marked degree, was taking place in Indian cattle or that any 
such deterioration could be due to export abroad, as this was a 
negligible feature of the total export. The report was accepted by 
the Board. 
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The debate on subject (iv), dealing with agricultural forecasts 
and statistics, was of great interest. Mr. Noyce, in moving that the 
report of the committee on this subject be adopted, said that while 
the figures for crop areas in India were among the most accurate 
of their kind, the estimates for normal yield and the condition 
factor were naturally less easily made. Crop-cutting experiments 
should be used as a check and not as a basis for arriving at the 
normal yield. He hoped that the time was not far distant when 
every province would have its own statistical department. 

Dr. Gilbert Slater said that he had endeavoured during the 
sittings of the committee to get a clear idea of the duties which 
would be imposed on Directors of Agriculture by the adoption of 
the committee’s report. The first duty of each Director would be 
to secure the appointment in his ofiice of a special assistant for 
statistical work. Each Director of Agriculture would become 
engaged in a deadly conflict with a gentleman whom he would call 
" Mr. X “ Mr. X ” is the ofl&cial who is hidden in the recesses 
of the Finance Department of the Secretariat of each Government 
in India, who shroffs all proposals of executive departments before 
they reach the Hon’ble Member, and who devotes his great industr)' 
and persistence to the task of invariably spoiling the ship to save 
a ha’porth of tar in the name of economy. He knew quite well 
what was in store for the Director of Agriculture when he endea- 
voured to act in accordance with the resolutions of the Board. He 
will ask for a statistical officer, " Mr. X ” will at best be willing 
to concede a clerk on Rs. 25 per mensem. He will ask for a soil 
bacteriologist, “ Mr. X ” will try to limit the salary to Rs. 15. For 
he regards himself as the faithful defender of the poor tax-payer 
from the wild onslaughts of Directors of Industries and Directors 
of Agriculture. The whole future of Indian agriculture depended 
on the winning of victories by the Agricultural Departments over 
these elusive and anonymous opponents. Members might remember 
that in England the master stroke of Edwiu Chadwick, in his great 
campaign for public health, was securing in 1837 the complete 
registration of births and deaths. That was what supplied the 
lever by which the necessary financial provision was secured for one 

2 
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meaBure after another for combating death and disease. Similarly, 
reliable agricultural statistics would furnish the lever for securing 
what is financially necessary for agricultural ju’ogress and prosperity 
for India. 

Mr. Jacob then exidained to the Board how aeroplanes had been 
used for taking photographs to form a crop survey in Lahore, and 
the Board passed a resolution that further investigations in the 
application of aeroplane photography to crop surveys should be 
carried out. 

Mr. Wood said that he considered that the committee had over- 
emphasized the importance of crop-cutting experiments. Crop- 
cutting experiments to be of any use must be so numerous as practi- 
cally to prevent them being carried out by the staff available. He 
moved that the Board pass a resolution that crop-cutting experi- 
ments should be abandoned . This was not carried and the report of 
the committee, with slight amendments, was adopted by the Board. 

The next subject (v) before the Board was whether any special 
measures are necessary with regard to the introduction of motor 
ploughs and tractors. In reading the report of the committee on 
this subject, Mr. McSwin.ey urged the appointment of a Goveniment 
Tractor Engineer to safeguard the interests of the buyers, who 
might otherwise be sold unsuitable machinery by agents who have 
no knowledge of agriculture. On the motion of the President a 
resolution was carried to the effect that a section of Agricultural 
hjiigineering should be established at Pusa to investigate the use of 
agricultural power machinery, with special reference to motor 
ploughs and tractors. The report of the committee was then 
accepted by the Board. 

From this the Board passed on to a consideration of what steps 
might be taken to encourage the majiufacture of improved tillage 
implements (subject vi). Dr. Coleman, in moving the adoption of 
the report of the committee, said that research work on this subject 
was a function of the Agricultural Department, and urged that 
Agricultural Engineers should be recruited to the Indian Agricultural 
Service especially for this work. Other speakers suggested that 
the matter miglit be left to the enterprise of private firms, but the 
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sense of the Board was fioally expressed in a resolution stating 
that research work on the lines indicated in the report of the com- 
mittee was a function of the Agricultural Department, and that 
Agricultural Engineers should be appointed to the Indian Agri- 
cultural Service for this j)urpo8e. The Board laid special emphasis 
on the fact that such engineers must be members of the Indian 
Agricultural Service and not attached to the Department of 
Industries. 

Sir Claude Hill then addressed the Board as he had to leave 
Pusa that day. He said that this was, to his great regret, the last 
occasion on which he would address the Board as Member for 
Revenue and Agriculture. The Board was to be congiutulated on 
the work Avhich had been got through uj) to date. He was parti- 
cularly glad that the Board had passed the resolutioi' on the estab- 
lishment of an Engineering Section at Pusa an.d had endorsed the 
desirability of cxtendii g bacteriological work. The Hon’ble Jlember 
then dealt with the difficulties which had atten.ded agricultural 
progress during his years of office. The incidence of war and famine 
had magnified the tasks of the Agricultural Department ai’,d handi- 
capped that development and progress which they all had at heart. 
Still the previous five years had I'ot Ix'en barren, ai'.d thanks to the 
loyal and able support which he htul received from all ranks of the 
various departments of agriculture, much had been achieved. 
Agricultural education an.d the problems of cotton ai'd sugar had 
all been the subject of special enquiries. With regard to the former 
a stimulus had been given, which promised in the near future to 
revolutionize the older methods of agricultural education, while the 
sxiccess of the Cotton Committee, over which Mr. Mackenna had 
presided so ably, was evidenced by the appreciation of its report 
at the hands of the public and the Empire Cotton Growing 
Association. As they all knew, they were now confronted with 
far-reaching political changes, but he looked with confidence to the 
future and the part which the Indian Agricultural Service would 
play in it. 

The Board then proceeded to the discussion of subject (vii), 
whether the Agricultural Department should undertake the BTiting 
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of school readers and story books. Mr. Clouston moved that the 
report of the committee should be accepted. He thought that in 
this way much might be done to make the aims and successes of the 
Agricultural Department more fully appreciated by the people. 
Dr. Kunjan Pillai and Mr. Dutt both supported Mr. Clouston, and 
urged that more attention be given to the production of popular 
bulletins. Dr. Coleman said that the subject of getting in touch 
with cultivators had been debated ad nauseam in the Board for 
years. It was not a testimony to the intelligence of the Board to 
ask them to accept this report and he moved its rejection. After 
some discussion the report of the committee was rejected by the 
Board but a resolution to the effect that officers of the Agricultural 
Department, who felt qualified to do so, might attempt literature 
of the type imder discussion was accepted. 

The question of allowing village panchayets to raise local rates 
with a view to maintaining roads, drainage and irrigation works 
(subject viii) was then considered. Mr. Dutt, I.C.S., in moving the 
adoption of the report of the committee on this subject, explained 
the advances which had been made on these lines in Western Bengal 
where the maintenance of irrigation tanks was of great importance 
and could only be satisfactorily achieved by some system of local 
co-operation. The report of the committee was accepted by the 
Board which then passed on to a consideration of the practical 
methods which might be adopted for the conservation of natural 
sources of manure, such as bones and oil-cakes, for use in the 
country (subject ix). 

Mr. Wood read the report of the committee and placed four 
resolutions before the Board. This initiated one of the most 
interesting of the discussions of the meeting. The question of the 
advisability of placing an export tax on oil-seeds and cakes showed 
a sharp division of economic thought among the speakers but 
was finally agreed upon. A large majority of speakers emphasized 
the fact that the export of bones and fish manures was a drain 
on the fertility of the country and the Board finally accepted a 
resolution that total prohibition of export was necessary. The 
committee’s proposal that a portion of the revenue derived from the 
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e3qx)rt tax should be eanuarked for propaganda work on manures was 
withdrawn, as the Hon’ble Mr. Mant explained that the proceeds of 
Customs duties were an Imperial asset and agricultural propaganda 
under the Beform Scheme would be a charge on Provincial revenue ; 
obviously Imperial funds could not be earmarked for Provincial 
expenditure. The Board finally passed a resolution expressing 
the hope that Local Governments would consider the claims of 
their Agricultural Departments to increased allotments for propa- 
ganda work. 

The Board then considered the report of the com.mittee ap- 
pointed to deal with the duties of the Agricultural Departments 
imder famine conditions and the manner in which the Agricultural 
Department should prepare to face famine (subject x). The 
extremely able report of this committee was very lengthy and its 
adoption was moved by Dr, Mann. The Board accepted, with 
slight amendments, all the proposals of the committee with reference 
to well-boring, the surveying of rivers and the erection of embank- 
ments to check erosion. Other nreasures approved by the Board 
were the transport of cattle by rail from famine tracts to better 
provisioned districts, investigations into grain storage on a large 
scale and the collection of statistical information ^vdth regard to the 
maiu food crops. In the discussion on these matters perhaps the 
most interesting fact which emerged was the opinion expi-essed by 
Dr. Slater that the success of recent famine relief measures had 
resulted in smaller stocks of grain being held in the country. 
If grain was not in the eomitry, money was useless. Had, as seemed 
possible at one time, the 1919 monsoon failed, this situation would 
have arisen and the problem would have been an international 
one. The Board recommended the appointment of a strong Famine 
Commission to consider the problems which would arise by the 
failure of two successive monsoons. The fact that the duties of the 
Agricultural Departments under famine conditions had not been 
clearly defined was also the subject of a resolution. 

The report of the committee appointed to review the results 
of the permanent experimental plots at Pusa and to make proposals 
for this line of work in the future (subject xi) then came before the 
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Board. In their report the committee drew attention to the facts 
that the multifarious duties of the Imperial Agriculturist, and the 
frequent changes of tenure in that office, had prevented that con- 
tinuity of supervision which was so essential m field experiments, 
and the committee therefore recommended the appointment of an 
Imperial Agronomist, who would supervise the experimental area, 
to the staff at Pusa. The recommendation of the committee was 
accepted by the Board. 

Lastly, the Board considered the improvement of cotton 
marketing in India with special reference to the Indian Cotton 
Committee’s Report, paragraph 233 (subject xii). The Board had 
the advantage at this sitting of the presence of Messrs. Cocolas and 
Wait, representing the cotton trade. The committee on this 
subject recommended the establishment, with ceitain modifications, 
of markets on the Berar system. The daiigers attouling co-oper- 
ative sale societies with a crop tixe price of which fluctuates as much 
as that of cotton were felt by the committee to be very great and the 
committee for this reason rejected reconiinendation (4), paragraph 
233, of the Indian Cotton Committee’s Report. On the motion of 
Mr. Noyce, the Board recommended that the sectional meeting of 
cotton Workers proposed by the comn^ittee should take place hi 
Bombay in conjunction with the first meeting of the proposed 
Central Cotton Committee. 

On the conclusion of the formal business before the Board, 
Dr. Butler addressed the meeting and expressed the regret felt by 
all members of the Agricultural Departments that they would not 
again meet under the chairmanship of Mr. Mackenna. Dr. Mann sup- 
ported Dr, Butler and said that in Mr. Mackenna the Department of 
Agriculture had ahvays possessed a chief who was m complete 
sympathy with the work and hopes of all its members. The agree- 
ment of the Board with the sentiments expressed by the last two 
speakers was indicated by the prolonged cheers which greeted Mr. 
Mackenna wheji he rose to reply. 

Mr. Mackenna said that of all the sjieeches he had made at 
the Board of Agriculture this was for him the most difficult and 
trying. While he could not definitely say that he would be leaving 
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India for good, he thought it improbable that he would again 
preside at a meeting of the Board of Agriculture in India, and he 
felt very much leaving a department with which he had been con- 
nected for so long and in which he had made so many intimate 
personal friends. In point of fact, he would never have accepted 
the Agricultural Advisership had it not been that he knew that he 
was personally acceptable to the department and that every member 
of it would give him every assistance he could to make the tenure of 
his appointment a success. He had received the most loyal support 
from every member of the department, and any success which had 
been achieved was due to them and not to him. As agricultural 
officers they had a great responsibility. The future of India lay 
in the development of its agriculture and of its industries, and if 
these prospered, we would have a happy and contented people. 
The future of the agriculture of India lay in the hands of those 
whom he was now addressing, and in wishing them an official good-bye 
he felt that he was leaving that future in safe hands. He wished 
them all every success in their careers and would oj)ly add that he 
bade them an official farewell with the deepest personal regret. 

This terminated the eleventh meetii'g of the Board of Agri- 
culture, which, it may confidently be said, will rai’k as one of the 
most successful, both from the point of view of work and social 
recreation, ever held in Pusa. All those members ai’d visitors 
who were new to the Agricultural Research Ii’stitute and Farm took 
advantage of their visit to inspect the resources aixl equi2)mej:t of 
the laboratories and estate, and the opinion was generally exjjressed 
that it would be an advantage if, at future meethigs at Pusa, more 
time could be made available for this pui’2)ose. 



THE MOTOR TRACTOR IN AGRICULTURE. 

SOME IMPRESSIONS OF THE TRACTOR TRIALS HELD AT 
LINCOLN IN SEPTEMBER 1919. 

BY 

T. F. MAIN, BBc., 

Deputy Direct oj Agriculture, Sind. 

During the last week of September 1919, a great event in 
the history of agriculture took place at Lincoln. This was the 
tractor trials organized by the Society of Motor Manufacturers 
and Traders with the aid of the Natioral Farmers’ Union. To find 
a parallel in its significance to British agriculture one must go 
back, in the opinion of the writer, to the substitution of horses 
for oxen or iron for wood. There seems little doubt that the internal 
combustion engine will, sooner or later, take the foremost place, 
as a prime mover, in agricultural work both on the land and in 
the homestead--a position which the steam engine never attain- 
ed. The paramount necessity for increasing the food supply of 
the people during the great war was, of course, the immediate cause 
of bringing the tractor to the front, in Europe at any rate. At 
first the demand for tractors was met by imports from America, but 
British firms soon turned their attention to tractor design and 
construction with the result that wonderful progress has been made 
durmg the last two or three years in perfecting this machine. 
Already laige numbers of tractors have been quietly absorbed into 
British farming, but it required some such exhibition as that held 
at Lincoln to focus general attention upon this great, new force 
in agriculture and to mark its initiation into the stock-in-trade 
of the farmer. It is true that some tractor trials were held in 
Scotland two years ago, but these .appear to have been somewhat 
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piematuie, at any late as le^ids British makes. The importance 
which the tractor has suddenly assumed can be gauged from the 
fact that upwards of forty different makes were exhibited at Lincoln ; 
most of which were demonstrated on the land. These included 
every tractor of importance that is on the British market, including 
a large number of American makes and one Italian machine. The 
exhibition extended over a week but the first two days were reserved 
for the judges. The ploughing trials extended over three days, 
during which time some five hundred acres of stubble and lea were 
ploughed up : there were also threshing and hauling tests, while 
one afterr.oon was devoted to secondary operations on the land such 
as harrowing. These trials took place in some twenty-six fields 
spread over several square miles, and visitors from aU parts of the 
country were present in large numbers. 

The object of the Lincoln trials was not to convince the farmer 
of the utility of the tractor — 'that was assumed — but to assist 
him in the selection of the tractor best suited to his particular 
farm and needs. The National Farmers’ Union appointed six 
eminent gentlemen — members of the Council of the Union and 
all successful practical farmers — to judge the trials, and they were 
assisted in technical engineering matters by a prominent consulting 
engineer who specializes in tractor design. These gentlemen wiU 
issue a full oflicial report upon the trials, and it is not intended 
in this note to anticipate that report but merely to record some 
impressions of the writer who was fortunate in being present on three 
days. 

A few general facts and figures may, however, be mentioned 
to indicate the broad features of the tractors. First, as regards 
power, the machines varied from 20 to 40 h.p., but the majority 
were below 30 h.p. ; the four-cylinder engine predominated and 
the fuel used in the majority of machines was petrol or benzol, 
but some parafl^ machines were shown. Machines were fitted 
with two to three forward speeds (in one case nine) and one reverse ; 
the forward speeds ranged from two to five miles] per hour. The 
li^test tractor present weighed about one and a quarter tons 
(ready for work on land) and the heaviest about five tons. The 
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four-wheeled machines predominated, but there were a few three- 
wheeled machines, and there were three or four caterpillar machines ; 
there were also a few self-contained motor ploughs. The enclosed 
spur wheel and worm wheel were the common forms of drive, but 
there were a few chain-driven madiines. Prices ranged from 
£ 280 to £ 650. The plough associated with these tractors was the 
two to three-furrow self-lift type, costing from £40 to £60. 
Cultivators and harrows had a spread of seven to eight feet. In 
the majority of cases when plouglung, only one attendant was 
required ; this man sat on the tractor an.d operated the ploughs 
by means of levers— a trip arrangement causing the ploughs to enter 
or leave the land. 

Impressions. 

1. The first impression to reward is that the tractor has come 
to stay, and will play a part in the field comparable to that played 
by the motor car on the road. 

2. The excellent performai'.ce oLtlre tractors, taken as a whole, 
was remarkable ; it was the exceptioir to see a machine in difficrJties : 
practically aU appeared to be well above the work they were called 
upon to perform. 

3. The speed at which the work was done was an impressive 
feature. This exceeded five miles per hour in some cases, whereas 
horses travel at less than half tliat rate. This speed was well main- 
tained in secondary operations over soft, loose soil. 

4. The space allotted for turning was con.siderable, perhaps 
25 feet, but the smaller tractors did n.ot require so much room — 
they were, in fact, shorter than horses, and could probably be 
turned in less space and with greater ease than a pair of horses. 

5. The small tractors in particular appeared to be very easy to 
manoeuvre, and would go anywhere. 

6. For secondary operations, such as harrowing, the light 
tractors appeared to hold a distinct advantage as the wheel tracks 
left by the heavier machines could be seen in well-defined depres- 
sions, but botli types were quite capable of crossing soft soil without 
getting their wheels buried ; this was due to the width of the wheel 
and the well-designed wheel attachments. 
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7. The tractors were well designed in point of steadiness over 
rough or uneven ground, showing no tendency to upset when one 
wheel became raised many inches above the other. 

8. The wheel machines seemed to appeal more strongly to the 
spectators than did the caterpillar types, as the moving parts of 
the latter appeared to be too numerous and too congested, and, 
therefore, likely to suffer severely in wear and tear and to get out 
of adjustment readily. At the same time, the writer was very much 
impressed with the behaviour of one of these caterpillar nuichines ; 
it moved rapidly, turned quickly in a small space and appeared to 
be particularly well balanced (longitudinally), which character enabled 
it to diaw a disc-hanwv over ploughed land in a very attractive 
maimer, passing over furrows with ease and rising to ridges as a 
boat breasts waves. The self-contain.ed motor plough did not 
impress one favouiably, as it appeared too complicated. 

9. The tractor, with its relatively great speed, its power to 
draw gang ploughs and its capacity to work long hours, must be 
invaluable in periods of great pressure when, for example, a favour- 
able opportunity for sowing may last a day or two and not recur for 
Weeks. 

10. Li view of the laige number of tractors on the market it is 
obvious that design* has not yet i-eached finality ; it is highly pro- 
bable that numbers will disappear an.d that those that survive will 
be modified and reduced to a few more or less uniform types ; as 
regards the best makes, these changes will not, perhaps, be fmida- 
mental but only in the direction of greater efficiency, but the adop- 
tion of liquid fuel will probably come in time. 

The lesson for India. 

As stated in the preceding paragraph, the last thing in tractors 
is not yet on the market, but there are alivady machines of great 
efficiency, ^'he tr.ictor is even now a rival of the horse and will 
be the main fact-or in maintaining a high area of tillage in British 
farming. In Lidia there is midoubtedly scope for the tractor, but 
before it can be taken up on a practical scale it will be necessary for 
the Agricultural Department to solve certaitx preliminary problems. 
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These are : (1) to carry out exhaustive trials with- a number 
of selected existing makes in order to ascertain the most suitable 
machines for different conditions, and (2) to devise some scheme 
whereby a class of competent tractor drivers can be evolved. The 
Lincoln trials were not sufficiently severe from an Indian point 
of view. At Lmcoln the soil was in ideal condition, possessing 
just the right amount of moisture so that the ploughs cut through 
it as a knife passes through butter. It is quite possible that some 
of the tractors which did well at Lmcoln would fail under Indian 
conditions. There is, moreover, a much greater range of conditions 
in India than in England. It is necessary to ascertain the best 
tractors, on the one hand, to work in the dry season on heavy 
black cotton soil, and, on the other hand, to work in associa- 
tion with irrigation in the Indo-Gangetic plain, to mention 
only two conditions. Such trials must obviously precede useful 
suggestions for modifications in design to suit particular Indian 
conditions. 

It has been the common e3q)erience of all agricultural officers 
concerned with district work in India that the greatest impediment 
in the way of improved tillage was the weak condition of 
the cattle ; this is always the stumbling block when improved 
methods are attempted. The tractor points to a solution of this 
difficulty, though the scale of application may be limited for many 
years. 

There seemed to be two circumstances in which the tractor 
would prove of especial value in India : (1) to assist a devastated 
famine tract, where the cattle have died, to recover rapidly and at 
the first opportunity, e.g., tractors equipped with grubbers and 
drilling machines would enable large areas to be promptly sown 
with some cereal such as hajri {Pennisetum typJmdeum ) ; and (2) 
to enable tracts opened up by new canals to be rapidly developed : 
it is usual when a new canal is opened for several years to pass by 
before the existing population can adjust its resources and organiza- 
tion to the new conditions. More cattle have to be found and more 
labour obtained. Even where colonists are imported, it takes 
several years to develop the tract. 
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These considerations brii).g home the fact that the Agricultural 
Department could hardly perform a more useful function than 
thoroughly to investigate the possibility of the tractor in India. 
The great fault with agriculture in this country is the low yield 
per unit of area, and this is due, in very large measure, to the low 
standard of tillage farming : the land is seldom clean and the soil 
not sufficiently worked in many areas. If these defects could be 
removed, the first step would be taken towards an improved level 
of yields, and other steps, such as providing an adequate manure 
supply, would be simplified. A lakh or two of rupees expended upon 
this problem would be money well invested. 



NOTES ON THE PROGRESS OF THE EUROPEAN 
OLIVE AT PESHAWAR. 


BY 

W. ROBERTSON BROWN, 

Agricultural Officer, North-West Frontier Province 

After many years of almost unrestricted grazing and felling, 
the wild olive {Olea cmpidata) is still common, on the Himalajran 
foot-hills, and slopes abound on the North-West Frontier tliat 
would soon be clad with the tree if a period of protection were 
given. Cherat is a good example of a protected tree-clad hill. 
As the crow flies, it is situated about 15 miles from the Peshawar 
Agricultural Station, and it rises, a mass of rocks, to a height of 
about 4,000 feet. Outwardly it appears destitute of "Boil, yet, in 
striking contrast to the bare hills around, its steep sides are densely 
covered with coppiced olives, almost to the exclusion of any other 
tree. Along its crest, contingents of the Peshawar Brigade in turn, 
wearily spend the long summer days. Cherat hill is cool and 
tolerable in the evening only : by day it is made green and habitable 
by the olives that shelter the bimgalows and the winding hill paths. 

And each succeeding year, it would appear, the idea occurs 
to some marooned ofiicer, as he walks forth after sundown, tliat 
the olive of commerce would surely be successful where the wild 
olive grows so well. Almost every year the suggestion is made 
by someone to the Agricultural Department that the European 
olive should be introduced to the North-West Frontier hills. 
The same thought occurred to the writer as he viewed Cherat in 
1910, and in the spring of the foUowir,g year 100 European olive 
plants were imported from Naples for trial at Tarnab. The plants 
arrived m excellent condition. The season, was, however, too far 
advanced to get the trees established before the bu rning hot June 
days set in. They were therefore planted at 15 feet apart that 
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they might be closely observed and, if necessary, protected. The 
intention was to transplant two-thirds of the trees in the following 
spring. But for several reasons, chief among which was the fear 
that the plants might not transplant successfully, they wei'e allowed 
to remain as they were — 'to provide irursery stock. But they 
grew so vigorously that they, threatened to form a thicket which 
would neither yield propagating wood nor fruit (Plate VIII). It 
was, therefore, decided to carry out the original idea — ^to move two- 
thirds of the trees. This work was started in 1918, when the trees 
were nearly seven years of age ai\d after most of them had home 
from 6 to 20 pounds of fruit. 

They were transplanted without soil balls, but were most 
carefully dug out and set in their new' positions. The root-spread 
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of each tree was restricted to 6 feet diameter, and it may be men- 
tioned that, contrary to expectations, all the root systems were 
extraordinarily shallow. The roots were almost as abundant as 
fibrous and close to the surface as those of healthy peach trees. No 
tree had a tap-root. No doubt this was due in a measure to the 
irrigation which the grove received. . The heads of the transplanted 
trees were cut back in a manner which is very well shown in the figure 
above. After the soil was settled about the roots by liberal flooding 
the trunks and branches were wrapped in dry sugarcane leaves to 
protect them from the sxm and, possibly, from frost. Most of the 
trees were transplanted in January and February, and soon it was 
apparent that those that were moved first grew more vigorously 
than those that were transplanted later. By the end of March the 
branches bristled with plump green buds, which quickly extended 
and became vigorous limbs. Now, a year later, the olives have 
big healthy green heads. The trees promise to catch up those 
that Were not transplanted. It has been determined that estaUished 
olive trees, full seven years of age, 16 jeet in height with 12 jeet spread, 
can he sajdy transplanted without soil balls. 

Regarding the potentialities of trade in olive products in the 
North-West Frontier, thus far the trial at Tamab has shown that the 
foreign species grows and bears well and early under irrigation, 
despite the very high temperature and scanty rainfall. At five 
years of age several of the Tarnab trees yielded up to 20 pounds 
of plump, well-developed olives, and now, at eight years of age, 
many of the trees are bearing from 100 to 120 pounds of good 
fruit. 

The percentage of oil from young trees is said to be low, and 
aralyses of the Tarnab fruits proved that they were not exceptional. 

There is one ominous danger that clouds the prospects of a 
trade in olive products on the North-West Frontier hills. In 1916 
it was discovered that a destructive olive fruitfly {Doom edeos) 
is abundantly present in Himalayan olives. The pest may be 
expected to attack European olives if they are established on the 
Frontier. The story of the discovery of the fly is interesting and it 
may be told. An Italian entomologist desired to know if the 
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Himalayan olive was attacked by the olive fraitfly tliat is so well 
known in Europe and, if so, whether the fly had a jmrasite. The 
hope of the scientist was that a parasite might be fourd ii) India 
which could be introduced to comlmt the olive fly in Italy. Accom- 
panied by the writer, the Imperial Entomologist visited the ('herat 
hill in 1916 to search for the fly and, i)erchance, to find its pamsite. 
Almost before ba^age was unpacked, the Imperial Entomologist 
found an olive which contained a maggot suspiciously like that of a 
small fruitfly. A quantity of wild olives was collected and conveyed 
to Tarnab. There, liefore many days passed, a large number of 
fruitflies emerged from the olives. Happily, many olive fruitfly 
parasites simultaneously came forth. The hUfh hope that India 
miffht grow olives unchecked by the fly was cast down. But a cheerful 
wit lias said : “ I have had many troubles most of which never 
came off.” Perhaps the fly which afflicts the Himalayan olive 
will not prove destructive to the Eurojjean one. Or the olive 
fruitfly parasite on the Himalayas may be a vigorous one well able 
to control the olive fly. At the worst, there remains the assurance 
that this pest on (dives is in a measure contmlled in Europe by 
pruning and careful cultivation. Now that the Tarnab trees have 
attained liearing age, hopes and fears regarding the fly and its 
parasite should soon be set at rest. 

During the progress of the olives at Tan^ab it was observed 
that some sour oranges near the grove were constantly yellow and 
unhealthy, whilst oranges slightly more distant from the olives 
were dark green and vigorous. It appears tliat the orange cannot 
be successfully interplanted with the olive. This is somewhat of a 
disappointment at Tarnab where it was intended to trj' this combina- 
tion, because, wherever the orange is grown in North-West India, 
many fruits on the south-west side of the trees are “ sim scorched ” 
and spoiled. It was hoped that the olive, whilst yielding a profitable 
crop, might protect the orange fruits from the smi. 

This autumn one or more of the Tarnab olives, which are now 
fruiting so well, will be selected for propagation and distribution to 
the hills. But a number of years must elapse before olive oil from 
the Afghan hills is on the market. 
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THE DEVELOPMENT OF CANE PLANTING BY 
THE EAST INDIA DISTILLERIES AND 
SUGAR FACTORIES, LTD. 


BY 

MESSRS. PARRY & CO. 

[Managing Agents) 

The East India Distilleries and Sugar Factories, Ltd., niay be 
said to be the pioneers of the cane sugar industry in the Madras 
Presidency and some brief account of their progress and experience 
is worthy of record, explaining as it does some of the reasons why 
central cane factories in India are not always successful, and showing 
in a general way some of the difficulties to be expected when 
cultivating cane on a large scale. 

A successful cane sugar industry requires large tracts of land 
within easy reach of a central factory, it being of first importance 
that cane once cut should pass through the mills within 24 hours 
of harvesting. 

The first problem therefore was to procure suitable lands 
adjacent to the Nellikuppam Factory and, following on that, suffi- 
cient labour to cultivate them. 

Here was presented an initial difficulty which at one time 
seemed insurmomitable. For many years the local ryots had grown 
cane which they brought to the factory to be crushed ; but this 
could never be relied upon as a regular source of supply for the 
reason that e^ne was only cultivated when it suited the ryot, ».e., 
when the price of paddy and other crops offered less induce- 
ment than the price which the company could afford to pay for 
cane. 
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It was felt tha^ development must lie in the direction of cane 
farms belonging to the company, but this was apparently an impos- 
sible proposition in view of the very high rents requited for what 
are known as “wet ” lands upon which only, it was believed, cane 
could be satisfactorily cultivated. 

The very low price of sugar on account of cheap imports from 
Java and elsewhere made rigid economy a necessity, whilst the 
question of obtaining sufficient labour to cultivate the land was 
a further obstacle. 

The introduction of the oil-engine for pumping ptuqwses was 
the beginning of a new era, suggesting as it did the possibility of 
irrigating the large tracts of “ dry ” lands in the neighbourhood of 
the factory which liad hitherto proved a comparatively poor source 
of income to the landowners, the course of several years’ 
experiments, certain tracts of these “ dry ” lands were fomid suit- 
able for the cultivation of cane, and the company commenced to 
negotiate for leases with a view to expaiision to the extent of the 
labour available. 

Such negotiations were at first lengthy and arduous, but some 
40 acres were eventually planted, and the problem of pinciirij'g a 
variety of cane suited to the extremely trying Indian climate next 
presented itself. 

It was necessary to find a cane capable of withstanding the 
hot weather and dry winds of May 9 .nd June, and equally capable of 
developing sufficient strength to stand up against the heavy dowi'fall 
of rain generally experienced between October and December. 

With the assistance of the Government Cane Breeding Station 
at Coimbatore many varieties were c:^erimented with and it was 
eventually found that the Ashy and Red Mauritius canes would grow 
more or less satisfactorily, though the yield in tons per acre left 
very much to be desired in comparisoirwith the crops grown in other 
countries. 

It will thus be seen how handicapped the company was at the 
start. Land was difficult to obtain, labour at the time of cultivation 
comparatively non-existent, and suitable canes had to be discovered, 
the growth of which owing to climatic conditions was only about half 
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the tonnage per acre accepted as necessary for economical develop- 
ment on a commercial scale. 

Hcwever, having satisfied theniselves that by patient negotiation 
land was procurable, the company’s atteixtion next tum.ed to tl» 
question of seasoned canes, irrigation and artificial manurin.g. 
The sinking of wells and establishment of pumping stations were 
easy matters ; and judicious manuring demonstrated that reasonably 
satisfactory crops coul3* be produced if experienced attention was 
given to the selection of seedlings. 

To arrive at this point required much patient investigation* 
and having surmounted to a great extent the initial difficulties 
the labour problem had to be considered. 

There is plenty of labour to be obtained in the district but 
as the preparation of land must take place simultaneoufidy with the 
harvesting of the groundnut crop — more easy and congenial work — 
some method of mechanical cultivation was essential. To deal 
mechanically with small plots of “ wet ” land surrounded with 
bunds and irrigation channels was not practicable, but having 
proved that cane could be grown on the large tracts of “ dry ” land, 
a Fowler’s double engine steam tackle was purchased for ploughing, 
trenching and cultivating (Plate IX). 

This after a year’s experience proved a decided success, doing 
better, quicker and cheaper work on a large scale than had fonnerly 
been possible by hand labour even on a very small scale under 
constant and thorough supervision. 

The company was now in a position to go ahead with develop- 
ment and commenced to extend their operations to the limit of their 
powers of mechanical cultivation, i.e., 7/800 acres. 

With this extension the improvement and capacity of the factory 
mills became essential, and the general activity shown in all direc- 
tions brou^t the ryots to realize that the cultivation of cane for 
the central factory was a steady source of income worthy 
attention. 

Encouragement to extend the acreage planted by ryots was 
given in the shape of advances and seedlings, whilst much was done 
td assist them by the sale of oil-engines and pumps on easy paym^etib. 




PLATE X, 







A NELLIKUPPAM CANE FIELD. 




. C l^^LoPMEirr OV OANE niANTINa ABOTTKD KBLLIKUPPAM 157 

terms. As a result, the acreage under cane extended very nearly 
to the limit of the factory’s capacity and the question of transport 
at harvest time became a problem. 

Carts had hitherto been obtainable for the company’s crops 
but were now to a great extent requisitioned by the ryots themselves. 
In addition, it was found that to convey loaded carts of cane across 
trenched fields to the roads was a tediou? business and heart-breaking 
to cattle. The company therefore laid down a light portable tram- 
way across their larger farms, with trucks which could be easily 
propelled by hand labour. This tramway britxgs the cane to a point 
on the main road where bandies can be loaded for a comparatively 
short journey to the factory, and it is intended later to carry the 
line up to the South Indian Railway and despatch the cane on special 
trains, thus releasing more carts for work in other directions. 

During all the above operations the company was endeavouring 
to secure a cane of better class than the Red Mauritius variety 
which, while appearing to be inamune from any serious disease, is not 
of a very high sugar content. 

The following table gives particulars of various canes experi- 
mented with, and it will be noticed that the most promising of all 
is Fiji B : — 


Name of varieties 


I'iji B. . . . . . . ; 

KaUakurichi 
Big Tanna 
131 .. 

Purple Mauritius 
131 

Ashy Mauritius 
56 

B, 3412 . . 

D. 74 
B. 147 .. 

626 .. 

Ashy Mauritius . . . . i 

Bed Mauritius . . . . i 

Java 247 

Ashy Mauritius .. i 

Java 247 .. .. ^ 

I 


/o Brisr 

Purity 

Totis of cane 
per acre 

16-76 

83-01 

47-78 

12-46 

66-80 

42-85 

16-97 

78-89 

40-96 

16-77 

77-43 

37-94 

15-60 

79-49 

37-56 

14-72 

70-28 

37-61 

16-71 

84-66 

36-64 

16-18 

7572 

36-07 

17-08 

79-77 

34-31 

14-86 

77-06 

34-01 

16-01 

1 81-27 

32-00 

16-45 

1 76-41 

28-40 

16-78 

82-88 

26-89 

16-98 

! 79-67 

22-97 

14-46 

76-64 

22-60 

16-31 

76-36 

20*86 

14-70 

73*28 

20*24 


It must, however, be recollected that the very good results 
shown l»ve been obtained on specially selected experimental jdots, 
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and that on an average nothing like th.e tonnage indicated can as 
yet be expected. 

Up to date the average figure has been about 25 tons per acre 
but by careful manuring it is hoped to bring the figure to 30 tons, 
which is probably the limit to be obtained in the Madras climate. 

This figure is naturally dependent on the rainfall, and the 
crops harvested in 1919 owing to continued drought during the 
preceding year were very much below the tonnage hitherto expe- 
rienced. As a result, the planting by ryots this year has shown a 
considerable falling off and the company therefore now proposes 
to make arrangements to increase its own farm acreage to make 
itself less dependent than, hitherto on supplies from outside sources. 

We give below some notes supplied by the Manager of the 
Nellikuppam Factory which are of interest : — 

“ I am of the opinion that cane Fiji B, a few sets of which we gob 
from Coimbatore about 4 or 5 years ago, and the area of which we 
have gradually extended, is likely to prove a much more useful cane 
than Red Mauritius. It is a short, thick cane of very erect giwvth 
and not liable to be blown over by high winds. It has a compara- 
tively high sugar content and crushes splendidly in the mills. The 
rind is sufficiently hard to defend it from jackal attacks, and during 
the four or five years we liave grown, it, although it has been tried 
under all sorts of varied conditions, it has shown no signs of disease 
but on the contrary has distinctly improved in appearance and 
growth. I think the fact that the local ryots have taken sponta- 
neously to this cane as they never did to any other variety, argues 
well for its popularity and success in the future. 

“ With the irrigation facilities we have, our canes generally 
start very well indeed and give a good and regular stand and very 
few bknks have to be filled up, although we maintaiii, small nurseries 
for this purpose. I have shown our young plantations about a 
month or two old to experienced planters from Mauritius and they 
seem to think tliat our canes make a much better and quicker 
start than they do in that island. Unfortunately, oii occasions 
we have long spells of very dry weather accompanied by hot winds. 
During such times, even with ample well irrigation, the cane does 
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not appear to grow at all, and I consider this climatic difficulty 
is a very serious one and accounts to a great extent for the lower 
yields obtained in India than in countries favoured with a more 
humid climate. Further, we have a period in November and 
December of excessively heavy rain, amounting sometimes to 35 
inches in a month, which also does damage to the crop by laying it. 
The juice of such cane has always a very low purity but no practical 
means has been found of obviating this difficulty. The introduction 
of a shorter and thicker cane is the only way we see out of it.” 



I)EVELOPMENT OF IRRIGATION FROM BHIND 
CANAL: A PLEA FOR ECONOMICAL 
USE OF WATER. 

BY 

S. K. GURTU, M.A., M.I.C.E., 

Member j Board oj Revenueyjor Irrigaiiony Gwalior State, 

In reviewing tlie proposals for tlxe Biiincl Cai’Bl, Gwalior, 
in 1910, Mr. Preston, after going into detailed calculatioiis in regard 
to stoi-.ige ainl loss in reservoirs and ctinals, arrived at a net volume 
of 2,697 million cid)ic feet on tJie fields, and assuming the total 
depth (fi Watering a litth' over 12" (which meant three to four water- 
ings on the fields) est,imated irrigating 110,000 hUfhas. He also 
considered the }x>ssibility of irrigating 200,000 bighas with 18" 
Waterh'g in good years. These were theoretical figures estimated 
before the development of the caixal began. 

Since 1910, there have been several changes in the lakes. The 
maximum and average storages of the four lakes now are 10,400 
and 6,100 million cubic feet, ri'spectively. These will be subjected 
to three deductions to get the net volume on the fields : — 

1. Evaporation and absorption. 

2. Loss in river bed m transit. 

3. Loss in canal bed in transit. 

After deducting the losses, the net quantities on the fields 
under maximum and average conditions are 6,010 and 3,040 million 
cubic feet, respectively. 

Originally it was assumed that there would be no loss in the 
bed of the rivers by water travelling from Tigra and Pagxra to 
Kotwal and Pillowa pick-up Weirs, but it has several times been 
observed that a discharge of 500 cusecs from the higher lakes has 
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only given a discharge of 400 cusecs at the canal ofE-take. The 
loss in the river channels has therefore been assumed to be 20 per 
cent. 

According to the duty which is assumed in projects for net 
storages, the maximum and average quantities would suffice to 
irrigate 6,010 x 30 = 180,300 biglias and 3,040 x 30 = 91,200 bighas, 
respectively. These figures are about the same as assumed by 
Mr. Preston. 

The development of the Bhind Canal began in tlie winter of 
1914 ; We have had five irrigation seasons. It will not be devoid 
of interest to examine the duties obtained in these years. 

1. Irrigation season op 1914-15. 

Li the first year most of the canals weie unfinished and beds 
not properly cleared. We in'igated an area of about 25,000 higluis. 
No records were, 1 regret, kept about the storage, etc. 

2. Irrigation season op 1915-16. 

During this year the net volume on the fields was 2,120 million 
cubic feet, whereas the irrigated area was 70,000 bigbm. The crops 
irrigated Were gram and wheat in the proportion rouglily of 1 to 3, 
and the number of waterings varied in different portions of the 
irrigated tract. In the Tehsils near the head-works, from three 
to four waterings Were given, including the first “ paleo ” watering 
(i.e., watering necessary to moisten the fields for sowing). ■ In the 
tail portion, the number varied from one to two. The total area 
was, however, small. The average duty* obtained in this year 
Was 33 biglms per million cubic feet. 

3. Irrigation season op 1916-17. 

In this year the rainfall was abnormal. Indeed it beat the 
record. There was little demand for iirtgation. The total irrigated 
area was 37,400 Ughm, against the utilized quantity of 1,200 million 

♦ In hydraulic engineering duty means the area which a given quantity of water can 
irrigate in a season or a year. 
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cubic feet. This gives a duty of 31 Ughis per million cubic feet. 
The loss in the water-courses in this and in the previous year was 
rather high, as it was I'ot considered exj)edient, in introducing 
irrigation in a tract where it was unknown before, to insist on a 
proper construction and maintenance of water-courses, as that 
would liave scared the irrigators. With better water-courses and 
stricter supervision, the duty is increasing. 

4. Irrigation season op 1917-18. 

This year also was a wet year. The iSank-Asan system suffered 
a grievous loss in the failure of the Tigra dam, by which We lost a 
storage of about 5,000 million cubic feet, and consequent on damage 
to Pillowa, which is situated below the Tigra reservoir, the storages 
of Kotwal and Pillowa lakes also were lost. Thus the entire irriga- 
t/ion (50,000 bigjios) was done by the storage of Pagara lake. The 
repairs of Pillowa could only be completed by the end of December 
and though the cultivators were given hopes of water they were 
distinctly led to understand that none could be made available 
before January. Thus When actual iiTigation began in this year 
there was keen demand for water an.d the number of waterings 
did not exceed two, and in 50 per cent, of fields was only one. The 
quantity consumed was 1,680 million cubic feet which, on an irrigated 
area of 50,000 bigJias, gives a duty of 30 biglias per million cubic 
feet. 

5. Irrigation season op 1918-19. 

This year was a year of extieme drought and from the very 
beginning every body concerned was given to miderstand that no 
waste would be permitted and the minimum number of waterings 
required would be given. In addition to this, a very strict super- 
vision was kept on the use of water and the department set its face 
against givu)g water to the tail portion, as it was seen that it would 
be better to irrigate the maximum area possible nearer the head- 
works to obviate loss by absorption, instead of supplying inadequate 
water to the tail portion. The staff was explicitly ordered not to 
extend irrigation beyond the iiTigation capacity of the storage and 
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to reserve sufficient quantity for a second watering wlierc needed. 
The number of -waterings also was restricted to two. In a very 
small portion three -waterings were given and in an equally small 
portion one -watering -was necessary to save the kftarij crops. Thus, 
this year may be considered to be the first year of comparatively 
economical use of water. The sympathies and co-operation of the 
irrigators were enlisted by assigning quantities of water at different 
out-lets and appointing cJiowdharies for equitable an.d ecoi’.omical 
distribution among themselves, and very severe notice was taken 
of any -wastage, a special staff being, deputed for the purptse, in 
addition to the regular revenue staff. These measures reflected 
themselves in the high duty obtained. The net quaii.tity used on 
the fields works out, for this year, to 1,540 million cubic feet an.d 
the area irrigated was 60,000 highas. This gives a duty of about 
40 highas per million cubic feet, which is very good and clearly 
shows that, by the introduction of economical methods of distribu- 
tion, a much higher duty can be obtained. 

The experiments of Lawes and Gilbert show that pulses take 

10.000 cubic feet of water for actual transpiration ; but some 
waste is incidental in application as, the crops being embedded in 
loose soil, the subsoil absorbs a great deal of water while the plant 
is growing. 

If We allow 5,000 cubic feet for this, the qua]rtity jrer higlm, 
under scientifically rigoi-ous conditions of application, comes to about 

15.000 cubic feet. The theoretical duty of 30 higJias per million 
cubic feet gives 33,000 cubic feet per bigJia. Fi-om this it will be 
seen tliat by the introduction of economical methotls of application 
it is possible to raise the duty per million from 30 to 70 bighas for 
crops requiring two to three -waterings. If we follow the advice 
of Mr. Howard of Pusa and raise wheat, gram and cotton on one 
watering, it is quite possible to attain a duty of over 150 highas per 
million cubic feet. The importance of introducing economical 
methods of irrigation is evident from this. The only way to ensure 
this is to introduce the system of charging by measurement. The 
present system is to charge by cropped area, irrespective of the 
quantity of -water used. If the crop is in a flourishing condition, 
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it is assumed that adequate water must have been allowed and full 
rate is charged. If a twelve or eight-anna crop is produced, the 
water rate is reduced proportionately on the assumption that 
adequate water was not supplied. Nothing, in some cases, is 
farther from actual fact. Wherever inferior crops result, they are 
due to any one of the following reasons, singly or in combination ; — 

1. Copious use of water. 

2. Want of aeration of roots. 

3. Want of weeding. 

4. Situation. Low depression, where water accumulates 

and prevents soil ventilation. 

5. Poverty of soil and absence of manuring. 

6. Untimely application of water. Application of water 

is necessary when the plant is thirsty. The Gwalior 
irrigator, acting on the principle of “take when 
you can and not when you may,” always gives 
an early, unnecessary, and abundant watering. It 
prevents the roots of plants getting oxygen and acts 
as a toxin. 

The Irrigation Department has often to remit watercess for 
fields which have consumed double the quantity of water supplied 
ordinarily to an equal area producing normal crops ! Is this not 
setting a premium on wastage? The charge by measurement 
will obviate this. If we supply a given quantity of water at the 
out-let for so many rupees per million cubic feet, it will be in the 
interest of the irrigator to make kiaries and use water as economi- 
cally as in the case of wells. When the purse of the irrigator is 
touched, he responds with alacrity to wholesome stimrdi. It is 
rather early to introduce sale of water by measurement in Gwalior, 
as elsewhere in India, but I desire to bring the subject prominently 
to the notice of the revenue and agricultural officers, with a view 
to enlist their sympathies to facilitate its adoption as early as 
possible. I commend for their careful consideration the lessons 
brought out by Mr. Howard in the Pusa Bulletins Nos. 62 and 61. 
I have put in the thin end of the wedge» by charging eight annas 
for one watering, even in case of a sixteen-anna crop, to enable 
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the irrigator to realize that he pays only 33 per cent, of the full 
rate R. 1-8 if he gives one watering instead of two, three or four. 
A motive is thus supplied for economy. When this begins to 
work well and the State Agricultural Department establishes by 
demonstration that wheat and pulses can be raised on one watering, 
provided soil aeration and root ventilation is ensured, it will be 
time to drive in the wedge deeper and to introduce the system of 
charging by measurement. 



THE DRYING OF BANANAS. 


BY 

W. BURNS, D.So., 

Economic Botanist, Bombay ; 

AND 

P. G. JOSHI, 

Superintendent, Oaneshkhind Botanical Garden, Kirkee. 

In the “Agricultural Journal of India” for July 1911, there 
appeared an article by L. B. Kidkarni, L.Ag. (a colleague of the 
pres'‘i'.t wi'iters), on The Drylyig oj PlatUains at Agashe. Since that 
date and especially during the war, when the food question was 
urgent, expei'iments have beeii made by us in the drying of bananas 
to determine (1) whether varieties of bananas other than the one 
used at Agashe could be dried, (2) to see whether there were any 
reasons why bananas should not be dried at other places than 
Agashe, and (3) to devise and to develop a cheap and efficient means 
of dryii’g bai'ar'as on a large scale. 

In this article the word “ banana ” is used for any fruit of the 
plant Musa sapienfMm (or Myisa paradisiaca). The distinction of 
the fruits into banai'as and plantains has always seemed to us 
vague and confusing. 

Rii'ana-drying is an art of some antiquity. Fawcett' gives 
several referei'.ces from the works of early travellers. The following 
may lx* quoled* from the works'* of Dampier (1 7th century) : 
“ The Dai-ieu Indians preserve them (bananas) a long time, dryiirg 
them over the. fire, mashing them first and moulding them into 
lumps.” “ A ripe plantain, sliced and dried in the sun, may be 

^ Fawcett, W. ‘ The Banana,” 1913. 

* Ibid, p. 109 . 
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preserved a great while, and then eats like figs, very sweet and 
pleasant.” Pere Labat* (17th century) also writes: “To preserve 
them (bananas) like figs, raisins and other dried fruits, they are 
allowed to ripen thoroughly in the house, ux which condition the skin 
is very easily removed ; they are then cut lengthwise into four, and 
dried on a trellis-like stand in the sun or in an oven after the bread 
lias been baked ; the fniit becomes covered with a white sugary 
powder deposited from its own juices. In this condition they will 
keep for years.” 

Fawcett states that banana “ figs ” (dried slices) are being 
manufactured and exported from Jamaica. In India, Tiavancorc 
is the only other place besides Agashe that he mentions as a home of 
banaixa-drying. 

In Fawcett’s book and in various other treatises on foodstuffs, 
analyses of the unripe an.d ripe banana are given which show’ that it 
is a valuable nutritive substance. Drying of it means the prodxiction 
of a store of easily preserved food against fanxiixe or to var}’’ a diet. 
Moreover, in many places a certain number of banana fruits go to 
waste for want of an immediate nxarket. Tlie drying of the fruits 
would obviate this waste. 

Preliminary experiments and difficulties. 

The earlier experiments were carried out in B{\ssein.,'a town on 
the west coast of the Bombay Presidency w’ith a climate similar to 
that of Agashe. Bassein is practically at sea level, its average 
rainfall is 83 inches, and its temperaf ure in the shade during the 
whole year is very equable owing to the nearness of the sea, the 
mean maximum temperatures for January and June beijig 87° and 
91 °F., and the meaix minimum temperatures 60° and 78°F. Drying 
was first of all done in a small wnoden box open to the sim on the 
upper side. The varieties Bajeli and Tundo were used. This was 
in December 1916. Tlie bananas thus dried developed maggots 
in March of the following year. 

The next lot were dried in April and May 1917. Lx this case the 
following varieties were used : Basrai, Bankeli, Budubali, Satsalandu, 


1 Ibid, p. 113. 
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M'uihdi, Red, and a yellow sport of Red. The open side of the 
box was covered by muslin or wire gauze. The bananas were 
taken out of the boxes at night, and kept indoors to prevent 
them being damaged by dew. One or two boxes were covered 
with glass panes and these with the bananas drying in them 
remained out night and day, but were covered at night with 
gunny bags. After drying the bananns were packed in small 
bundles, wrapped in banana leaf-sheaths, and put in biscuit 
boxes. These were sent to Poona where they were kept in a 
room in the Agricultural College on a shelf without any special 
protection. 

In the manufacture of this batch two points arose. In windy 
weather bananas under gauze or muslin were apt to get covered 
with dust. Also ants sometimes crept up into the boxes and attacked 
the bananas. It was therefore obvious that boxes with glass covers 
were best and that they should rest on stands with their legs in 
bowls of water to prevent the ascent of ants. This batch was re- 
examined in September 1917, when some packets were found to be 
sound and others maggoty. 

Final form of the drying apparatus. 

An apparatus was now devised which obviated all causes of 
failure. It is shaped like a flat museum show-case supported 
on four legs (Figures, 1, 2 & 3). Each leg is two feet in height. 
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The box used was one foot broad by four feet long by two feet deep, 
but may of course be of any size convenient. The lid is of glass, 



Fio. 2, Framework for bananas. 

hinged on to the body of the box. All joints should be insect and 
dust proof. In the floor and in the two long sides of the box are 
eighteen ventilators, round holes about half an inch in diameter, 
six to each side and six to the floor. These are closed by wire 



gauze inside, and there are also bungs for stopping them up entirely 
at night. A false floor of cane lattice-work rests on four blocks 
four inches tall on the bottom of the box. This is the actual tray on 
which the bananas rest. 

Experiments with this apparatus were carried out in Kirkee, 
elevation above sea level 1,850 ft., rainfall 27 inches per annum, 
maximum average temperatures January and June 85°P. and 86°F., 
minimum average temperatures 63°F. and 72°F. 

In November 1917, several varieties of bananas were dried m 
the above apparatus and exhibited at the Food Products Exhibition 

4 
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at Calcutta in January 1918. The dried bananas on being taken out 
of the apparatus were packed in wide-mouthed glass bottles, the 
mouths of which were luted with paraffin wax. Some of these 
bottles got broken in transit. The contained bananas were taken 
out and repacked in other bottles. These bananas showed mould 
after a few weeks. The others remained sound. 

Forth KR experiments. 

In April 1918, the following varieties were dried : Karanjeli, 
Kalhi, Bankeli, Walhe, Soni, and Rajdi. Half of them were wrapped 
in oil-paper and packed in tin.s, the other half were put loosely 
into glass jars. They were examined in Jmie and September 1918, 
and finally on May 6, 1919. At the first examination it was found 
that two bananas of the Kalhi variety showed a growth of mould. 
These two were removed and the whole lot that had been in contact 
were exposed again, to the sun for one day and repacked. There 
was no further attack. The rest of the bananas were sound all the 
time, and some were still sound in October 1919, having kept eighteen 
months. 

It seemed that it was advisable to examine the bananas periodi- 
cally in order to check any possible growth of mould. An. examining 
box consisting of two panes of glass in a frame, so that the exammer 
can put his eye close to the fruit without breathing on it, was devised 
and is useful. 


Developing a desirable colour. 

Under strong exposure to the sun bananas tend to take on deep 
colours and in weaker exposure the colours are pale. Bananas that 
have dried brick-red often turn black on keeping. A bruised or over- 
ripe part dries black. The product takes the final colour about 
two days before the final diying. The ideal is pale saffron as a 
finishing colour, so that, after keeping, an attractive shade of red 
will be visible. This is obtained by using bananas that are exactly 
ripe but not over ripe, and by putting a cardboard over the dried 
or rather drying bananas in the box for the last two days of the 
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process. This method applied in February 1919 gave an excellent 
saffron-coloured product that liad turned a red in October 1919, and 
remained perfectly sound. 


The process. 

The following is a resume of the process : — 

(1) Get fully ripe but not over-ripe fruits. 

(2) Peel them and scrape the tnitside of the fruit with a 

bimboo semper to get rid of all shreds of skin. 

(3) Put the peeled banai'as on the cai'e lattice tmy and 

shut the lid ; put the frame out in the full smi, with 

its legs in water bowls. 

(4) Wlxcn the temperature Ixegins to fall below 95°F. in. the sun 

close the ventilators with bungs. 

(5) At night cover the whole frame witix a thick gunny 

kxg, or (if rain is ex^xected) with a tarpaulin. 

(6) Turn the fruits daily. It will take from four to six 

days for the fruits to dry. Finish under cardboard 

as described. 

(7) Pack in tins or jars with tightly closed mouths. 

(8) After two moixths look over the batch, pick out mouldy 

or maggoty bananas anil expose those of the same 

tin or jar for a day to the sun in a frame. 

Twenty to thirty moderate- sized bananas make one jxnuxd of 
dried material. 

Nature and uses op the product. 

The material fiixally made by us is a most delicious sweet- 
meat eaten raw. It can be nrade into excclleixt jam. Wliile one 
of us was on leave in England, he received from the other two biscuit 
tins of dried bananas. The first was packed on 26th March, 1919, 
and opened on I2th May, 1919. The fruits were in perfect condition 
and remained so although exposed to the air till 11th June, when 
they were cooked. The other was packed on 1st May, 1919, and 
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opened on 11th June, 1919, and made into jam. This was most 
heartily appreciated by all who tasted it. 

The dried material can be used for making up into various dishes, 
such as puddings or various Indian preparations. 

Conclusions. 

Bananas can be dried at other places than Agashe, and all varie- 
ties that we liave experimented with can be successfully dried. 

Sun heat is sufficient. 

Protection from dust and insects is necessary, and some sort of 
simple apparatus such as that described by us is .required. 

A good colour can be obtained by using a cardboard screen 
for the last two days of the drying. 

The product should be stored in airtight tins or jars and 
examined periodically, throwing away bad bananas and drying 
again those likely to have been iniected. 

We have indicated only the simplest possible method of drying, 
one suitable to the most primitive conditions. Doubtless if there 
were an assured market, vacuum driers and modem scientific 
apparatus would be desirable. Li the meantime all we wish to 
show is that by a very simple apparatus a valuable and easily 
stored food can be made from a perishable frait. 

After writing the above, the writers’ attention was drawn 
to an article' describing experiments on the drying of bananas 
in Jamaica. The main conclusions of these experiments of interest 
to India are: — 

(1) The sun-dried product is superior to the product arti- 

ficially dried in a drying apparatus. 

(2) With a good supply of sound fruit at Id. per lb. and a 

selling price of 6d. a lb. a profitable industry could 
be established in the West Indian islands. 

(3) Emit merchants in the United Kingdom valued the stm- 

dried bananas at 6d. per lb. there wholesale in July, 
1919. 


» AgrieuUural Ntwi, September 6, 1919, p. 276. Article on “ A Dried Banana Industry,” 
unsigned. 
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PS . — On 28th August, 1919, a sample of bananas dried in the 
above manner was sent by us to the Chamber of Horticulture, 
London, for opinion. 

That body sent on the sample to a firm of specialists in the 
banana trade who reported as follows : — 

Elders and Fyffes, Limited. 

Head Office, 

Bow Street, 
London, W. C. 2. 

Report on Dried Bananas received jrom the Secretary, Chamber 

of Horticulture. 

“ The tin box contained four small parcels, two marked ‘ Black 
Colour’ and two marked ‘Red Colour.’ All four parcels are in 
perfectly good condition and sweet. An outstanding feature is 
the complete dryness of the fruit, in which it compares favourably 
with the Jamaican variety. All the fruit is of good flavour. 

“ The samples marked ‘ Red ’ are much brighter and more 
attractive in appearance than those marked ‘ Black ,’ and the 
sample marked ‘ Red 1 ’ is the best in every respect. 

“During the past thirty years many attempts have been 
made to introduce dried bananas into this country, notably from 
the Canary Islands, but meetizig with poor results the efforts have 
been short-lived.” 

“ During the war small consignments were imported here from 
Jamaica and sold readily owing to the scarcity of other dried fruits, 
but at the present time, notwithstanding the continued shortage, 
the demand at remunerative prices is negligible. 

“ It is difficult to speak hopefully of the prospects for the 
future as it is thought that in normal times the competition of 
other products of a similar character will be to the disadvantage 
of the industry. 

“ 14th November, 1919.” 



PACKING SKBD SUGARCANES FOR TRANSPORT. 


BY 

T. S. VENKATRAMAN, B.A., 

Acting Government Sugarcane Expert, Coimbatore. 


Introduction. 

Experiments to ascertain the best method of packing sugjar- 
canes for transport, as seed, have been engaging the attention of 
the Cane Breeding Rtation, Coimbatore, from its very inception in the 
year 1912 , as it was early realized that such transports were bound 
to play a very im|x>rtant part in the future work of the station. 
Further, the requirements were soon found to be of a varied charac- 
ter, both as regards time occupied and mode of transport, whether 
as parcel by rail or steamer, or as packet post. The need frequently 
arises for sending out details of packing to would-be consignors, 
and this note, based on the experience of the station for the past 
seven years, is written to give a wider publicity to the methods 
employed, as they have proved successful. The methods described 
herein, were evolved under the guidance of Dr. C. A. Barber, C. I. E., 
and M’'. R. Thomas, Sub- Assistant at the Sugarcane Breeding Station, 
greatly helped in the details ol the work. Two plates (Plates XI 
and XII) are appended to illustrate the methods described in this 
note. 

Because of the possibility of obtaining planting material even 
from immature canes, and the rapidity with which a single sugarcane 
bud gives rise to shoots ultimately developing each into one cane, 
it is unnecessiiry, except when absolutely required, to transport a 
large number of canes as planting material from one place to another. 
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PACKING OF SEED SUGARCANES FOR TRANSPORT. 

1. — Canes cut to four-loot lengths and ends dipped in paraffin (or short distance 

transport. 

2. Cane pieces cut to lengths of one foot three inches, and treated as detailed in the 

text for oversea consignments. 

3. — The same after being wrapped round in cloth. 

P atlJy twist as used in such consignments. 

5. Bundle of canes tied round tightly with paddy twist and ready for being enclosed 
in gunny. (For short distance transport . ) 

6*~The oversea postal packet ready for forwarding, 

7,— -A tin case used for oversea packets. 

Note the labelling of individual pieces for oversea consignments and the manner in 
which the labels are attached to the canes. 





PLATE Xlt. 
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Theoietically, it may be assumed that, in one year, a sin^e bud is 
capable of giving ris.e to about 100 buds in. the case of the thick 
canes and 300 buds in the case of the indigenous varieties. It, 
therefore, follows that, in a couple of years, one can hope to raise 
100 plants from one bud of a thick cane and 300 plants from that of 
a thin cane. The aim kept in view was, therefore, more to transport 
a few buds in a healthy condition than to send out a large number 
whose vitality at the end of the journey was likely to be of a doubtful 
nature. 

CeBTAIN main CONSIDERATIONS. 

It was soon realized that the three most important considera- 
tions in the transport of cane material for packing were 

(1) Protection of the cut ends, to prevent evaporation and 

the consequent drying up of the material during 
transport. 

(2) Protection of the buds, to prevent their rubbing against 

one another or against other cane surface duriiig the 
journey, resulting in their being rendered incapable 
of germination at the end of it. 

(3) Treatment of the material, to prevent entry of disease 

through the cut ends and, if possible, to destroy any 
disease that may already exist in it. 

The material. 

The selection of proper material is an item of great importance 
in the transport of cane for seed. The clump selected for obtaining 
material from should be healthy and vigorous. Occasionally, 
a clump which, on the whole, is poorly and stunted, may show up a 
healthy cane or two ; but it is better to avoid such a auspicious 
material. Tops of canes do not journey satisfactorily, while pieces 
obtained from “ butts,” especially when the canes are fully mature 
or overmature, not infrequently contain buds which are hollow 
and therefore incapable of germination. The appearance of such 
buds is often very deceptive and their real condition is often 
asoertRinaWe only 1^ exerting a certain amount of pleasure , on 
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them with the fore-finger. Generally, the middle portion of a cane, 
not overroature, yields the best material for transport. The ideal 
pieces for packing should possess buds, firm to the touch, not at all 
swollen or bursting and with no visible external injury, either in the 
buds or in the adjacent internodes. 

Before removal to the place of packing, the selected canes 
should have the leaves and tops removed in the field itself, as, 
otherwise, these by transpiration take off too much moisture from 
the canes. 


Treatment and packing for short-distance 

TRANSPORT BY RAIL OR STEAMER. 

At the packing shed the canes are cut to four feet lengths— 
or to any length considered suitable for the parcel — and the freshly 
cut ends dipped in paraffin wax kept ready melted for the purpose.* 
This is done to prevent the drying up of the canes during the journey 
by evaporation from the cuj. ends and to prevent the entry of disease 
through these ends. The pieces belonging to the same variety are now 
bundled together, not too tightly, with some soft material between 
individual pieces. Lewse paddy, ragi {Eleusine coracana) or wheat 
straw or some fibrous material such as saim,5'o^M {Hibiscus cannahinus) 
or coconut fibre have been found useful for the purpose. In very dry 
weather this packing material receives a sprinkling of water to prevent 
too much desiccation of the canes during transit. While bimdling up, 
care should be taken to see that the coir, or other material used in 
binding, does not come into direct contact with the cane pieces, 
especially the buds, as the slight movements which aie inevitable in 
the further processes of packing and actual transport are sufficient 
to destroy the buds. These individual varietal bundles are then 
labelled both inside and outside and all united together into one 
parcel by being tied romid tightly with paddy tivist. This is then 
stitched round tigUly with gunny, addressed, and is ready for 
despatch. 

* For this and similar other purposes mentioned in this note, white paraffin wax melting at 
135-40'F. has been foimd suitable. The paraffin is placed in an iron or porcelain baain, sunk 
to below its mouth in a bucket of water and the water brought almost to the boiL This mdts 
tlxd pAroffin ia the b&sui aad keeps it in this conditiop for s or n fi 
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For railway transport it is advisable not to make tke bimdles 
too small, as they are then liable to be thrown in and out of 
railway carriages. These packages should be of such a size as to 
require rolling over. Moat railways now insist on the addresses 
being written directly on the gunny and the packages are safer 
thus. 

Such transports are generally between places where there 
is no risk of introducing a new peat from one locality to another, 
and, therefore, the material is not specially treated with insecticides 
or fungicides. Care is, however, taken to see that the material 
is free from disease by a very careful examination both in the field 
and in the packing shed. If the material to be transported consists 
of but a piece or two, these are best sent by parcel post, which, 
on occasions, is cheaper as well. 8uch post parcels need a greater 
amount of packing between the individual pieces because of the 
greater liability to desiccation and handling in this form of transport. 
In the experience at the station this method of packing has been 
found to be adequate for journeys extending to periods up to at least 
a month. 


Tkeatment and packing for oversea 

CONSIGNMENTS.* 

In oversea consignments the conditions during transport are 
more strenuous and a more elaborate method of packing than that 
described above is required. 

Large-sized boxes are unsuitable because of (1) heavier trans- 
port charges, (2) slowness of the journey, and (3) greater liability 
to damage in transit unless very expensively packed. Small-sized 
tin cases, 18" x 4" x 4", with the lids made like that of a pill-box, 
and forwarded by post, have been found the most suitable. If 
these are carefully japanned both inside and outside to prevent 
rusting, and strengthened with bits of iron rod placed along 
lines of greatest strain, these may be used over again at least 
twice. 


* A description of the method as adopted in the West Indies is to be found in the 
AgrieuUuna Journal of Jndith IX, 4 , p. 392. 
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In such consignments which are generally over long distances 
often separated by seas, the transported material requires treatment 
to prevent the unwary introduction of diseases from one locality to 
another. Besides the very rigorous examination in the field and 
in the packing shed, the cane pieces are pickled from half to 
three-quarters of an hour in a 4 per cent, solution of copper sulphate 
or Bordeaux mixture of similar strength. After removal from the 
solution, the ends are wiped clean, allowed slightly to dry, and 
then dipped in melted paraffin wax. 

For oversea consignments the packing material requires to be 
softer and finer, and well-sifted charcoal dust — 'Copied from West 
Indies practice — 'has been found satisfactory. An additional pro- 
tection is given to the canes by wrapping them individually in bits 
of thin cloth. Such journeys often extend to two months — during 
the war it occasionally used to take oven three months— and so 
a certain amour't of moisture is provided in the packing material 
to prevent dryii'g of the can.es durii>g the voyage. The most 
satisfactory proportion has been found to bo, as much weight of dry 
charcoal as weight of canes to be packed, and lialf its weight of 
water to be added to the dry charcoal jwwder. A series of elaborate 
experiments, involving the packin.g of sixty tins, with different 
materials for pickling, packing and wrapping the canes and with 
varying quantities of water added to the packing material, has 
shown — • 

(a) that charcoal powder naay be substituted by “ teak 

saw-dust ” without any disadvantage ; 

(b) that wood shavings— the packing material received with 

Europe stores — may be substituted for charcotil with 
advantage ; with this packing, the parcels are lighter 
and the buds travel better ; and, 

(c) that formalin of varying strengths as pickling solution and 

tissue paper as wrapping material are unsatisfactory. 

The tin cases are now wrapped in brown paper or newspaper — 
just a layer m two — ^stitched tightly round in white cotton cloth and 
addressed. A duplicate addressed label, treated with paraffin, is 
enclosed inside the cloth packing and is sufficiently visible through 
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the cloth to enable the package to be directed, should the addressing 
on the outside become indistinct during the journey. 

. LaBELUNG CANE MATERIAL INTENDED POR TRANSPORT. 

This most important item is occasionally not done with suffi- 
cient care. One cannot lay too much stress on its importance, as 
bad labelling may involve the complete destruction of the whole 
material, at the end of the journey, as unreliable for accurate work, 
or, what is worse, introduce serious errors in naming. 

For short -distance transport it has been, found a good plan to 
write the labels clearly in pencil or ink, dip them in melted paraffin, 
and fasten to the pieces with strings similarly paraffined. This 
treatment makes them proof against injury through moisture or 
dirt during the voyage. Should they get soiled however, all that 
is required is to wash them in water, to make them appear as bright 
as before. Such labels should l)e fastened adpresscd to the canes 
and not allowed to hang fn)m them, as in the latter case they are 
liable to be torn or otherwise mutilated in the subsequent handling of 
them. Every individual varietal bundle shoultl possess two sucm 
Labels — one inside and fastened to one of tlu; cane pieces, and the 
other outside attached to the bundle. 

For oversea consignments the usual practice is to use a 
tin or zinc label punched with the name or number of the cane and 
attach it directly to the cane'with a piece of Aviring. This is satisfac- 
tory, but experiments conducted at the station have shown 
that the paraffined labels described above serve equally well and 
possess the following advantages besides 

(1) They are cheaper and neater. The metallic ones are 

often not easily decipherable at the end of the journey 
on account of rust except after careful washing. 

(2) Because of their greater pliability, they aie easier attached 

to the canes and less liable to injure the cane surfaces 
or the buds. 

(3) These are not liable to rust as the metallic labels or the 

wiring, a common source of trouble in such consign- 
ments. Such labels, whether of metal or paraffined 
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paper, are best placed inside the cloth wrapper and 
next to the canes. In the case of oversea consign- 
ments it is important that every piece should ^ be 
individually labelled. 

For some time past the idea has been steadily gaining ground 
that in the transport of cane material for planting the internodal 
portions are unnecessary, and experiments are under weigh to further 
simplify the oversea packing by including only the nodes. 



SWARMING CATERPILLARS OF NORTHERN 

GUJARAT. 


BY • 

T. N. JHAVERI, L.Ao., 

Assistant Entomologist, Northern Division, Bombay. 

In the early part of the monsoon of 1919, after the long and 
almost unprecedented drought which had resulted in the famine of 
1918-19, the people were alarmed to find that their crops were 
attacked by swarms of small dark brown caterpillars, which appeared 
likely to do a very great deal of damage. These pests attacked the 
early sown crops of maize, hajri {Pennisetwn typhoideum), hodra 
{Paspalum sorohicuhtum), and chillies, while rice seedlings and 
grass on the higher lands were also much damaged. They seem 
to be confined to the parts of Gujarat where a light (goradu) soil 
occurs, but in these regions they were found in Surat, in Kaira, 
in the Panch Mahals, and in Baroda. 

The pests, though not unknown previously, had never occurred 
in anything like the abundance in which they were found in the 
present year. The first sign was usually a certain amount of 
destruction of the leaves of the crop. Sometimes on an examination 
of the leaves at this stage a group of small brown caterpillars was 
found : sometimes the caterpillars were larger, coloured a velvety 
black or grey brown with stripes of dark and yellowish grey on the 
back and sides, with black spots. In the case of the cereal crops 
above named, at this stage they were often found in the funnel 
composed of the leaf -sheaths round the central shoot of the plant. 
When examined the pests revealed themselves as two well-known 
swarming caterpillars, Proderm litura and Cirphis loreyi, recognized 
as most serious pests of crops in many parts of the tropical world. 

( 181 ) 



182 


AGRICULTURAL JOURNAL OF INDIA 


[XV, II. 


The source of the exceptional attack in 1919 was probably 
the absence of rain for a very long jMM’iod. The caterpillars 
pupate in the ground, chiefly in the higher knd, at a depth of two 
to three inches, tlie pupx is unprotected by a cocoon, and simply 
is enclosed in a small chamber of earth. Under conditions of 
normal moisture, it remains in this condition from one to six weeks, 
but with the exceptional drought it is quite possible that the pupae 
may have remained much longer than this time. At any rate 
the first rains of the second week in June were followed by a very 
large emergence of moths which laid eggs on lUiiny plants, but 
particularly on the early sown crops and on the grasses which were 
just springing up. As each female moth Was found to lay about 
five hundred eggs, in. several masses, along a leaf, and as these 
eggs hatch in about four days, it will be easily seen that by the 
end of June the small caterpillars AVere spreading over all the suitable 
crops growing at that time. As the caterpilkrs grew older, they 
Were found feeding especially in the eaj-ly morning, evening, and 
at night. During the liot part of the day they were ehiefly hiding 
in the soil or concealed at the base of the leaves of the plant 
attacked. 

Most of the caterpillars which appeared at the end of Jun.e 
disappeared in the thuxl week of July. Those whicli. had become fidl 
grown retired to pupxte in the soil ; others were very much parasit- 
ized by tachinid fly parasites. These latter parasites Were foun,d as 
small maggots on the viscera of the caterpillars, while their eggs 
were noticed also on the surface of the worms. At this time, too, 
there was a good deal of heavy rain, and on examining the soil 
of the higher lands, a good many (in fact, by far the majority) of 
the pupae discovered were found to be in. a decomposing state, 
probably as a result of the wet conditions in which they four.d 
themselves. 

Partly, therefore, as a result of the parasites which had appeared, 
and partly on. account of the seasonable rain, the much dreaded 
second brood, which should have appeared early in August, never 
came out in any serious numbers, and the alarm which had prevailed 
widely in the early part of July gradually disappeared. The 
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observations which were made in connection with tliis attack, 
however, lead to a number of methods which will, if widely practised, 
probably prevent the attack of these caterpillars being serious 
another year. 

The first of these preventive measures is to liave the land 
ploughed up before the rains come, or still better as soon as the 
previous crop is harvested. By this means the pupse which will 
certainly be in the ground will l)e turned up, and either dried out 
by exposure to the sun, or devoured by insectivorous birds. In 
this connection it a])pears es])ccially important to plough up the 
high lands, and the strips of grass so often found between fields. 
The ploughing up of these hitter once every two or three years 
will assist a good deal in controlling several insect pests of the 
crops. 

The moths, at least of Cirphis loreyi, are, moreover, easily 
attracted to light, and if the fields are provided either with a number 
of lamps each standing in. a tray of kerosine and water, or with a 
few fires made of dry brushwood for a few days after the first rain and 
the consequent emergence of the moths, a very large number will be 
destroyed before they have liad the chance to lay eggs. 

Again, a good deal may be done by delaying, for a few days, 
the sowing of the crops. It is a frequent practice to sow crops 
as soon after the first rain as possible. This was done very largely 
in 1919, and the crops so planted were those most attacked. The 
crops planted a fortnight later, the time between having been used 
for ploughing, harrowing, and otherwise preparing the fields, were 
hardly attacked at all. I'his is in accoi-dance with what is known 
of the life-history of the insect, and would probably apply equally 
in another year. 

If these precautions be widely taken, little else will be needed, 
though the employment of children to collect and burn the leaves, 
on which the very prominent egg masses have been laid, might 
pay in special cases. The same children might also collect leaves 
on which the gregarious swarms of the very young caterpillars are 
feeding. It might also be worth while, in the case of seed beds or 
fields of valuable crops, to put a trench round the bed or field, in 
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which green stofi or grass can be put in the evening. The laige 
caterpillars sheltering in it can be destroyed on the following 
morning. 

While the pests here discussed do not seem in any sense to 
be pests of the first importance, the widespread alarm and damage 
which they caused in Gujarat in the present year would seem to 
justify attention being called to them and indications being given 
of how a similar attack can be prevented or dealt with in future 
years. 
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THK GROWTH OF SUGARCANE* 


BY 

C. A. BARBER, C.I.E., Sc.D., r.L.S. 


I. 

It is proposed, in tlu* present and snccecding articles, to discuss 
certain points connected with tire growth of the sugarcane. The 
average planter has little time to conduct researches on plant grorvtli 
in the field, aiwl, naturally, leaves these to the officers attaclied to 
th(' experiment statiojis. But these researches are ofteir expomided 
in liighly teclurical language, assuming a thorough knowledge of 
plant moiphology an.d i)hysiolog}-. It is also too often forgotten 
that they have been conducted under one groat disadvantage, for 
the conditions hi the small experimental plots, with their intensive 
cultivation, are very different, in most cases, from those in the 
large cane fields. All laboratory results have, therefore, to be 
checked, that is worked over again, hi the field conditions, and it is 
of great importance that they should be expressed in as simple and 
attractive terms as possible. But, independently of this, there are- 
many directions in which the planter can quite easily make observa- 
tions and carry out experimiuits of his own for tlie improvement 
of the crop, instead of blindly following local custom in all its details. 
The chemist has shown that the manurial requirements of the cane 
vary with the soil, its treatment, the climate, and the variety 
planted ; and it is probable that there are other sides of field practice 
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which should also be modified according to variation in these condi- 
tions. Even on adjoining estates small differences occur, and it is 
onty the man on the spot who is aware of these. But to reap the 
full advantage of such work requires a fairly thorou^ knowledge 
of what goes on in the cane field, and how the cane set, planted 
in the ground, increasing a hundredfold, gives rise to the great 
mass of canes which are cut at harvest time. It is for the agricul- 
turist, then, that these articles are written. They will not be 
loaded with technicalities, and their ultimate object will be to 
indicate in what direction observations and experiments can be 
made in the field, so as to produce healthier plants and a greater 
crop of ripe canes at crop time. 

The parts of the sugarcane above ground, the stalks, leaves, 
shoots, and flowers, have received a great amount of attention, 
and many interesting facts have been noted in the fields. But, 
once the cane set is planted, little is to be found in current literature 
as to what changes take place before the cane shoots appear above 
ground. It will be fairly obvious that the number of shoots emerg- 
ing and the vigour of their growth will depend, in the first instance, 
on the development going on in the soil. Here the foundation is 
laid for the future plant, and the production of a good crop of canes 
is dependent on the proper treatment of this foundation. The 
length and thickness of the individual canes, the even ripening of the 
crop, the tillering power of the variety planted and the total yield 
of canes and sugar at harvest, are all decided in this subterranean 
laboratory. 

As is well known, the sugarcane is always planted in the field 
from sets, pieces of the mature cane with three or four buds, or the 
“tops,” immature joints with a greater number of less developed 
buds. Each of these buds is itself capable of producing a full- 
grown plant, and the reason for planting several of them together 
is to ensure an absence of blanks, which are such a serious drawback 
to any field crop. For a study of the development of these buds, 
it will be convenient, for our purpose, to consider the growth of the 
cane plant from the actual seed. The stages are the same in both 
oases, but the growth from the seed is much slower, and we can better 
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Fig, 1. Vertical section through a sugarcane seed; Fig. 2, through one commencing to germinate. 
Figs. 3 — 7. Germinating cane seedlings, three-four days old. Fig. 8, an older stage showing the 
two rows of leaves on the stem. 

Fig. 9. A four months old seedling with its bunch of leaves and mass of roots; at the side the 
same bunch has been dissected out to show that the leaves are really, as in Fig. 8, all in one plane. 

Fig. 10 A germinating set, showing the root development from its root-eyes. 

Fig. 11. A later stage with two thick roots from the joints of the young plant. 

Fig. 12. A cane plant 50 days old, still attached to its set. 
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learn the way in which the strength and vigour of the plant are 
built up and the way in which the branches are formed, by following 
the stages of growth in a seedling cane. The seed of the sugarcane 
is excessively small, and many of the “ arrows ” or “ plumes,” so 
delicate and beautiful in the fields, contain numbers of seeds hidden 
away among minute, chaffy scales. The arrow of the cane is thus, 
in essentials, similar to an ear of com, although few people would 
imagine that these were anything but a mass of feathery grass 
flowers. The average cane seed is TS mm. long and 0‘5 mm. broad. 
It is somewhat of an anomaly that, while these are among the smallest 
of grass seeds, the full grown plant is such a giant among them, for 
the cane plant is nothing but a huge grass. A series of germinating 
cane seeds (greatly enlarged) have been drawn on the accompanying 
plate (Plate XIII, flgs. 1-7). Anyone acquainted with the gernrination 
of wheat or barley grains will at once recognize that the parts are 
practically identical. But the amount of nutriment in such a small 
seed must, of necessity, be extremely limited, and therefore the 
vitality of cane seeds is not great. They quickly dry up and perish — 
a fact which is no doubt responsible for the comparatively recent 
discovery that the sugarcane produces fertile seed at all. 

The mature cane consists of a series of joints, each of which has 
three essential features in its lower part, a leaf, a bud immediately 
above it and a narrow rmg of tissue covered by small dots or root- 
eyes. The leaves and buds are placed on the cane stem alternately, 
right and left, in one plane, accomitij'g for the fact that the terminal 
tuft is so often shaped like a fan. This arrangement is seen in the 
young cane seedling from the start (Plate XIII, fig. 8). The joints are 
extremely short at first and as there is not room for the leaves to develop 
and expand in the same plane, they appear at the surface of the ground 
in a bunch, evenly distributed round the stem. But a careful 
dissection shows (Plate XIII, fig. 9) their true arrangement, and that 
they are in two vertical rows on opposite sides of the stem, just as in 
the mature cane. The leaves grow much more rapidly than the stem, 
80 that the first part of the plant appearing above ground is a number 
of leaf tips, the stems not emeiging until their leaves are three or 
four feetjilong. The first joints of the future cane may, soon 
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after this stage, be detected between the leaves at the base of the 
plant. 

But this description only accounts for a single cane shoot. 
At a very early stage, the minute buds above the individual leaves, 
that is to say, in their “ axils,” also start growing out, and form 
shoots in all respects similar to the parent stem. They, likewise, 
have their parts arranged in one plane, and here again a struggle 
for space causes the leaves to push one another aside, and bunches 
of leaves appear above ground. We thus get a further compheation 
in the arrangement of the parts of the growing plant ; but we know 
from our dissections that all the leaves and stems of our branching 
cane plant could, theoretically, be pressed flat in one plane, as on a 
piece of paper. The way in which this redistribution of space is 
brought about need not detain us here, but there is, obviously, a 
good deal of torsion and twisting going on underground, before each 
organ is able to find its place in the air and light ; and, in the process, 
many fail to do so and are squeezed out of existence. 

There are, as in all grasses, two periods of growth in the sugar- 
cane. The first of these (as far as the stems are concerned) is 
underground, where branching takes place, the second when these 
branches are pushed into the air and rapidly assume the form of 
separate canes. But the success with which the latter action is 
carried out depends entirely on that of the previous luiderground 
preparation. This, then, is, for our purpose, the more important 
period of growth, for the work done then regulates the tillering 
capacity -of the whole plant and the number of canes produced. 
Each branch of the main stem, termed a branch of the first order, 
soon gives rise to branches of the second order, stiU in the same 
plane, and the whole complex becomes more and more intricate 
and difficult to dissect out, so as to show the true relations and 
positions of the various members. We ultimately see a considerable 
bunch of canes, and the. number depends largely on the space 
available, that is, the nearness of the organs to one another and of 
each plant to its neighbours. 

Now all this branching takes place underground in the first 
period of growth and it abruptly ceases as a stem emerges from the 



THE GROWTH OF SUGARCANE 189 

soil. We only know, from an observation in the field, that the 
plant has germinated and is growing by the protrusion of its leaves. 
If we lift up a plai't and wash away tlic clingii g earth we see nothing 
but a mass of roots. All of these have arisen from the outgrowth 
of the root-eyes, and each leaf has a considerable number devoted 
to its use. The early protrusion of the leaves is a fundamental 
necessity of the plant, because, while the roots obtain salt and water 
from the soil, the leaves have, if aj ythu g, a more important part 
to play in the feeding of the yom g plai’.t. It is mainly through 
them that the carbonic acid gas of the air is decomposed in the 
presence of sunlight, and the carboi' of the plant obtained. It is, 
perhaps, needless to point out that, in sugar, the final product 
of the plant’s activity, carbon, holds a predominant position. The 
amount of stored food material ii’ th.c seed (oi' set, if grown from 
cuttings) is small, and it is of tlie first importance that the leaves 
formed by its help should emerge as early as possible so as to be in 
a position to produce more food, for only thus is the material ren- 
dered available for the rapid formation of the roots at the bases 
of the leaves. In the general growth, of th(‘ plant the water and 
salts provided by the roots are combined with th.e carbon of the air 
to form the tissues of the rapidly succeeding organs. 

Let us now pass on to the plai ted set. There is a good eleal 
of W'ator and other nutrimei'.t ii' tlie joii’ts of tli.e piece of buried 
cane. But this cannot be fully utilized by the buds mtil aji abun- 
dant flow is available, both to assist ii> the chemical changes and to 
wash the dissolved food into the expai .dii g shoot. For this reason 
the first stage of development here is tJie protrusion of the root- 
eyes fomid in. the rings of tissue adjoij’h g the buds. And these 
root-eyes of the set at once inspoj'd to tiu' Iw'avy irrigation usual 
in. planting the sets. A mass of rools is thus formed w'hich, it may 
be noted, beu'g given oil by the set above, form n.o part, of the new 
plants produced from the germinatii g buds (Plate XIII, figs. Id- 11). 
As soon as joiivts and leaves are developed in the bud, new rows of larger 
and more permanent roots grow out, ai’d the old wiry roots of the 
planted set become effete (Plate XIII, figs. 11-12) an.d with the joints 
bearing them die and gradually decompose. Each plant arising from 
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a single bud soon becomes independent and separates itself from the 
parent set. The development of the shooting bud is, in fact, exactly 
similar now to the germ in the seed, but it is much more rapid. 
The plant produced from a set in two months from planting is about 
equal in height to a six months’ seedling ajid is growing much more 
rapidly. The young stem of a germinating seed has but the thick- 
ness of a fine needle, and many joints must be formed, each thicker 
than its predecessor, before it becomes of appreciable size. A 
considerable amount of energy is used up in this increase in diameter, 
and a vertical section tlirough a seedling stem lias the form of an 
inverted cone with a sharp apex (Plate XIII, fig. 9). The bud on a set 
has enfolded, withm its outer wateiproof scales, a whole set of mumte 
leaves with jouxts between them, all completely modelled and 
merely waiting for the flow of dissolved food to swell out ; and the 
thickness of the stem at the base is somewhere near that of a lead 
pencil. There is still some measuiv of thickness to be attained, 
but, with the more advanced stage of the leaves and the send-off 
of the roots of the set, this takes very much less time. The cone of 
section of the stem has a very blmxt apex. 

Each bud of the set produces an hxdependent plant. The 
bunch of canes in the field, which appear to form a single bush, in 
reality consists of several plants closely intertwined, the individual 
members of which are engaged in a strejxuous struggle for space for 
their roots in the soil and for their leaves and branches in the air. 
As many members are unsuccessful in their struggle, the base of a 
cane plant is full of dead stems, leaves and buds, and the question 
naturally arises as to wlxether this mode of planting is an econo- 
mical arrangement. Much of the strength of the plaxxt is undoubt- 
edly wasted in the production of organs which cannot fulfil their 
destiny, and an enormous number of canes of all ages habitually 
die before they are fuUy developed. One writer advocates the 
planting of single-bud sets, but we shall return to this subject on a 
future occasion, merely suggesting that the point is one in which 
experiments in the field are to be desired. 



WHAT THE TUCIUMAN EXPERIMENT STATION HAS DONE 
FOR THE ARGENTINE SUGAR INDUSTRY .♦ 


BY 

ARTHUR H. ROSENFELD, 

Field Manager, *' Ingenio SarUa Ana,” Tucumdn, Argentina. 

The Tucuman Experiment Station was established by law 
in 1907 by a more than usually progressive Government, in order to 
study the causes of the constantly falling-oil yields of can.e in Tucu- 
man cane fields. At the time of the law being passed it had been 
evident for several years that the cane was suffering either from 
some distinct disease or from a general degeneration — a phenomenon 
which had already occurred in several countries where this t 3 rpe of 
cane (Cheribon) was before mainly cultivated. The work of the new 
station, due to the necessity of finding competent personnel for work 
under the peculiar conditions of Tucuman — conditions most closely 
approximated by those of Louisiana — and of obtaining proper 
apparatus and securing sufficient data with which to begin serious 
investigational work, was started only in 1910. Experiments were 
begun along numerous lii\es of investigation, looking towards the 
improvement of the actual methods of cultivation as well as towards 
lowering its cost by the introduction of modem machinery with which 
to substitute the use • of the expensive, though efficient, plough 
and spade work so much in vogue in this country. Irrigation and 
drainage investigations were also begun, and have given many 
valuable data. In a paper of this sort, however, it is impossible 
to discuss at any length the detailed experiments which have led 
to the improvement of the cultural methods of the province of 
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Tucuman, so I shall, perforce, limit myself to the most striking 
and effective results which have by themselves iwolutionized the 
industry of the province. 

It was early seen, that the I'.ative cai’es of the province were 
indeed suffering from a ilegeneiation similar to that which had 
wiped out the same class of cane in several countries, notably Java, 
to give but one example. Iliis degeneration man.ifestcd itself more 
and more clearly in the years 1910, 1911, and 1912, the excep- 
tionally favourable climatic conditioi'.s of 1913 su'd 1914 dissipating 
to some extent the fears of 'rueumiin planters by once more present- 
nig fair agricultural yields and s])lendid industrial recoveries. 
These yields, howev(‘r, while comparatively good as far as comparisoj'. 
witli recent years was concerned, d(*moJtstrated all the more clearly 
to us at the Experiment iStatioJi that the cane was really under- 
going a process of physiological degeneiation, else the yields under 
the exct'ptioj tally favourable conditioits of those years should 
have been doubled in the field. These opinions and forebodings 
wei'e justified whejt the unprecedeiitcdly favourable' seasons of 1913 
aiid 1914 Were succeeded by the', re'.cord -breaking 'mkjavoumhle 
years of 1915, 1910, 1917, and 1918, when Tucuman produced, 
iiistead of the 203,000 toi'.s of sugar of 1914, considej-ably less tlian 
half of that amount in 1915, and less than 50,000 tons in 1910 and 
again hi 1917. In 1918, although conditioits were far wome than in 
any other year known, the effect of the new cai’es, of which we are 
now going to speak, Jiad begun to be notably felt, the yield for tJiat 
year behig about double that of either of the two preceding ones. 
Indeed, had it not been for these canes in the crop of 1917 very 
little sugar would have been made even then., as the ari'a of the 
native cane had been cut almost in half by 1916, ai>.d not more than 
10 per cent, of what remained was worth wliile cultivating for 1917. 
Tbc small amount of creole cane which is to-day cultivated in the 
province? of Tucunuin is attended to more on smtiniental than on 
financial grounds. 

hfow let us see how this .remarkable emergency has been met, 
and if the loss of the staple cane of the province is goin.g to mean the 
abandonment of the industry, as at one time appeared to be the case. 
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It was immediately seen that all measures of improved cultivation 
and more efficient control of water, both for irrigation and drainage, 
would be well nigh useless unless the basis of the actual cane planta- 
tions could be changed by obtaining ar.other variety of cane which, 
under the most difficult conditions of the 7'ucuman climate, would 
give more abundant yields than the native can.es. 

In 1910, some 126 varieties of cane were imported for trial 
under Tucuman coiditions, diiectly from the Louisiana Experimei t 
Station at Audabon Park, New Orleans, by th.e first Director of the 
Tu(mman Station, Mr. R. E. Blouin, who had formerly been Director 
of the Louisiana Station. These cares represented varieties from 
almost all the well-known, cane eoiu'tries which were then being 
experimented with in. Louisiana. In the same year, some 76 addi- 
tional varieties were obtained from the Experiment Station in 
Campinas, Brazil, an.d we were fortunate enough to find already 
in the jnovinee six varieties which had been produced from seed ii' 
Java at the time that the famous Sereh disease had menaced the 
complete destruction, of the Javanese caiiefields. These varieties 
had been im])orted in 1908, as a result of the law creating the Experi- 
ment Station, by the then Governor, Luis F. Nougues, one of the 
most progressive an.d far-seeing officials that Tucuman has ever 
had. Siiice 1910 some 15 or 20 of the more promising new varieties 
from different countries have lx>en in.troduccd each year and placed 
under experimeit.tation, mai'y of them gi^■il'g us far superior results 
to those of the native cai'.es. It vas, however, from four of the six 
Java seedlings that 1 liave just mentioned that we obtained the 
canes which have since practically su})plan.ted the I’ative and all 
other canes in. Txicunwn, ai;d it is to these four varieties that 1 shall 
coiifine my remaining remarks. 

In. judging the I'ew canes we had to seek the following points 
of superiority in. comparison with the old oi’ts (1) Greater tonnage, 
with (2) juices containing a higher percentage of crystalhzablc 
sugar. (3) Greater resistance to attacks of insects and cryptogamic 
disease. (4) Ability to stand lower temperature than the native 
canes. (6) The furnishing of more an.d better fuel m the shape of 
bagasse or fibre left after extraction, of the juice of the cane. The 
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crop of 1911 showed up five of the Java canes, J. 36, J. lOO, J. 139, 
J. 213, and J. 234, to be remarkably promising, although the J. 100 
was left out of the race from the second year on and need not be 
Considered more here, except that it stands as an example of the 
danger of jumping at conclusions from the results of one year of 
experiments mider climatic conditio]’.s of but that one year. Several 
promine]).t cane men of the province were very much enthused with 
this cane, which is the largest and best appearing of all of them 
when well developed, and insisted on multiplying it on their planta- 
tions for two or three years, only to have to remove it at a consider- 
able expense wheii it became affected with an even more vigorous 
degen.eration., if the term vigwom may be employed in this connexion, 
than that from which the creole cane was sufiering. In this first 
year the superiority of the Java caj’.es was apparent nwre in the 
appearance and luxuriousr'.ess of grov'th than iix actual yields, 
although J. 30 ajid J. 139 gave about 10 i)er cent, better yields 
than the native canes aj'd J. 213 and J. 234, notably the latter, 
gave better chemical analy ses of the juices. I’he conduct of these 
cai'.es during crop also seemed to uidicate superior resistance to 
frost attack. 

Iji the croj) of 1912, as first year ratoons, the four canes from 
Java more than, doubled the yield per hectare obtain.cd from the 
native canes mider equal co]idition.s, J. 213 givin.g niixety tons of cane 
and seven tons of sugar per hectare, agauxst a little over 30 toi;.s 
of cane and two and one-half tons of sugar for the best native yield. 
The J. 36 and the J. 139 each gave between 75 and 80 tons of cane 
per hectare, while the J. 234, producing about sixty tons of can.e per 
hectare, had such a good sugar conteaxt in the juice that the sugar 
produced worked out at considerably more than twice that produced 
by native canes. 

These striking results the second year, while not covering a 
sufficient range of climatic conditions to warrant us in recommending 
the canes mireservedly to the planters, did cause us to immediately 
stall; large-scale substation experiments near various factories, in 
order to obtain data under the varying conditions of the province, 
and, also, to be multiplying these promising canes in case time should 
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verify their value. It may be mejitioiied here that all the substation 
results in the following years confirmed the incrcasin.gly satisfactory 
results at the Central Station, and that we were thus enabled to 
multiply these caires to a considerable acreage by the time we 
were able definitely and unreservedly to recommend them. 

The crop of 1912 also served definitely to establish the existei’.ce 
of superior frost-resisting qualities in these promising canes, which 
may be more of a physical than pliysiolf)gical phen.om(‘n.on after 
all, due to their thick growth and heavy covering of leaves. We 
were also able to establish their in.crc'ased resistance to the moth 
borer {Diatraia saccharalis var. ohliterdlus), due to the iiaj-dness 
of the rind as a result of its h’.creased fibre coi'.ten.t. This increased 
fibre content signifies, also, superiority ii', an.other of tlie five hcacis 
whicJi we are iiwestigatij'g, tliat of furn.isli.i]'.g more* fuel ii>. the siuijx* 
of bagtisse, shice these canes all have from 20 to 30 per cej'.t. more 
fibre content than the native canes. 

A promising solution of the variety jjioblem seenu'd well rm 
the Way and the splendid crop years of 1913 ajul 1914, A\hile dimiidsh- 
ing mterest on the part of the planters in. tiiese j'.e\\‘ can.es, ser\ (-tl ail 
the more to confirm their value anti permitted us to hicrease the 
plantings in the strategic parte of the proA'hi.ce witiiout having to 
supply the canes hi large quantities to the plai\ters hjwc xve were 
absolutely sure oj our ground, a most necessary caution. h\ Experiment 
Station work, as premature rcconmieiulations often work serious 
evils aird weaken the faith of the agriculturists in tlie very institu- 
tions to which they should accustom themsehes to turn for assistance 
and advice. In these splendid ye are, 1913 aid 1914, uhile fahly 
satisfactory yields were obtained from the native canes, i.e., as 
compared with yields in the past decade, but seldom passii'g under 
the very best of conditions 30 tons of cane and sometimes less than 
three tons of sugar per hectare, phenomenal }'ields were obtamed 
from the Java canes, the J. 213 producing in 1913 mer 100 toms of 
cane and 11 tons of sugar per hectare, while the J. 30 persistently 
maintained yields above 70 tons of cane and seven tons of sugar. 
The J. 234 only about doubled the native yield of cane, but due to its 
superior chemical composition, consistently produced two and-a-half 
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times as much sugar per hectare. The J. 139 demonstrated itself 
again to be a late maturer but an extremely heavy yielder in the 
field, in this respect passir.g the J. 234. 

In 1915 the climatic conditions were very uriavourable, and 
the native cane showed quickly that it had not, as many Tucuman 
planters had for.dly persuaded themselves, regained its pristme 
vigour. The 1915 crop was coj’.siderably less than one-hah that 
of the 1914 ore, the yield per hectare being just a little over 50 
per cent, that of 1914, but the chemical analysis, due to the early 
frosts, was very inferior. Nevertlieless, not one of the four Java 
varieties under discussion gave us less than fifty tons per hectare, 
the J. 213, even ui'.der the unfavourable conditions of 1915, again 
ptissing the 80 ton mark. 

A n.umber of j)eople ii' Tucuman., who had the previous year 
bemoaned tlie fact that high ocean freights caused by the movements 
of the German raiders on this coast at that time had prevented 
considerably larger exports of our surplus sugars to the European 
nations it', order to clear the way for the huge crop which was to be 
made in 1915, now suddenly discovered that they hail always opposed 
the idea of exportation, an.d atlvised the accumulation of stocks of 
sugar under warrants from the Government. The outlook for the 
industry was decidedly bad, for the heavy frosts had done much 
damage to the stools of the already Wt'akencd I’.ative cane and the 
general situation was more serious than it had beei'. for years. 

At the Experiment Statioi' and in the substatior's we had now 
had five yearn of experience with the i).ew can.es, under almost 
every climatic condition conceivable for Tucuman, an.d the results 
from these five years showed that the native canes had averaged 
23 ton.s of cane and about two toi'.s of sugar per hectare whereas 
the J. 213 had averaged almost 75 tons of can.e ai’d six and-a-half 
tons of sugar, ai'd the J. 36 and J. 139, 65 and 60 tons of cane per 
hectare, respectively. Tlie J. 234 had averaged, during the same 
period and under iden.tical conditions, over fifty toi'S of cane per 
hectare, its uniformly high sugar content causu’.g its production 
of sugar to ri'ach almost fiive tons per annum. For the four Java 
varieties, the average annual yield during these five years was 62 
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tons of cane and well over five tons of sugar per hectare — consider- 
ably over double the native cane. Besides the question of cultural 
yield, we had been able to prove definite superiority on each of the 
five points we had placed as our objects at the beginu-ing of these 
investigations. Results had been confirmed also, in later plantings 
on a large scale and all over the province in the substations. The 
time had come, therefore, for the Experiment Station to make 
definite recommendations of these canes for supplanting the native 
striped and purple ones. Early in 1915, an. active propaganda 
was commenced and has been duly continued up to date, to induce 
the planters, large and small, to leave off the e:3q^ei).sivc cultivation 
of the degenerated native canes and supplant them as rapidly as 
possible with the vigorous, rapid growing Java ones, following the 
counsels of the Experiment Station officials as to the best of the 
Java varieties for their particular conditions of abundance or lack 
of irrigation water, exposure to frost, type of soil, etc., etc. 

With the crop of 1915 a complete failure then, many of the 
more progressive planters of Tucvimsln at last put their prejudices 
and sentiments into tlieir pockets, and began to plant the new 
canes more vigorously, nran.y of them payii’.g enormous prices for 
the seed cane to the more progressive men who already had large 
plantings for these varieties established. Some of tlxese latter 
men made fortunes through their long-headedness, particularly 
those who were fortunate enough to have these canes jxlanted in 
protected situations more or less free from the heavy frosts of the 
past four winters. When in 1916 the average yield of native cane 
dropped to only about eight tons pr hectare, the prejudices against 
the foreign invaders in their cane fields almost entirely disappeared, 
and some 50,000 acres were laid dowix in these caixes, the J. 213 
predominating. The comparatively good developmeixt of these 
plantings in the unprecedeixtedly ujxfavourable seasons of 1916-17, 
when all the native cane^ practically did not grow at all, was the straw 
that broke the proverbial camel’s back, and in 1917 everyoixe fell 
over themselves to secure seed of the Java varieties, payuxg almost 
any price asked, some sales being made at as hi^ a price as 
40 pesos pr ton (over £ 3), which is more than twice the price paid 
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for cane for the mill even in the most critical periods of lack of supply 
(the actual price of cane in Tncuman to-day is less than £ 1 per ton). 

It is most prohahle that another 60,000 acres were planted in 
1917, which figure was very little added to in 1918, due to the 
frosts being so heavy and so early that extremely little good seed 
was availal)le. M('at\while the native cane had almost entirely 
disappesired, ai'd with it a I’.umber of small can.e ])lan.tcrs have had to 
turn to other kiids of fanning, as the ei’.ormous prices of Java 
seed-cane hav(‘, Ix'ei', odirely beyoivl the prxu man. It is probable 
that by tlie time the 1920 crop is ground the native canes will be 
looked uj);)n as a curiosity should occasional specimoi'.s reach the 
mills. Such is tlie. peaceful revolution which has taken place in the 
])r()vince of Tucumain wJiile the struggle was goin.g on “ to make the 
world safe for democracy.” 

We may safely say, tlu'i)., that these investigations have saved 
the Tucum:in industry from absolute bankruptcy, for no industry 
could resist the enormous lossc's which would have had to be sustained 
had d’ucumin ivot had within its reach the salvation from the 
ridiculous yields to which its native cai'.es had dropped, if she had not 
found her salvation already wailing jor lier when ruin was starin.g 
lier in th(‘ fac.('. It is probable that there is n.ot a case in the history 
of Kxj)erimeji.t Rtatiojis, aird th(‘re are some remarkable chapters 
in that history, where oi’e of the princijral industries of a country 
has bc'cn so radically reconstructed and cji.tmdy saved in the short 
space of seven or eight years. An idea cd the magnitude of the 
reconstruction may be gained fronr the fact that the “ Ingenio Santa 
Ana,” the largest place in the provin.ee, in. fa<jt tlie largest factory 
in South America, had for the crop of 1915 over six thousand hectares 
of cane (about fifteen thousand acres) not one stalk of which was 
of tlie Java varieties. In the two years of my connexion with that 
company W(' have entirely renovated these huge plantations with 
the Java varieties at a cost of over a million and a half dollars, an.d 
for the past crop we did not have a single stalk of native cane on all 
our large estati*. In the jwovtnce of Tucunuin in general it may 
safely be predicted that in the crop of 1919 fully 90 per cent, of 
the cane which passes through the mills will be of the Java varieties, 
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There is a very common tendency to consider the woik of the 
Experiment Station as somethuig extremely and luxuriously theore- 
tical, as something interesting but of slight practical application. 
The work of the young Tucumdn Experiment Station may well be 
used as evidence in refutation of this charge. Let us sec for a 
moment what this one series of ij'.vestigatioi's may mean hi dollai's 
and cents in saving expenditure for the Tucunv'm planters. Aj.'d the 
figures here given are not theoretical ones, but are based on the 
actual costs from thousands of acres of the two classes of cane from 
the time of planting to that of harvest. It is generally conceded 
that the native cane, year in and year out, costs just about oi'e 
lumdreel pesos per hectare (about £4 sterling per acre) in actual 
cultivation, in fact this has always lieeu the amount universally 
advanced by the factories to their colonists and cawres. The 
average yield for the native cane, before the last series of disastrous 
years, has been about twenty tons per hectare. That meairs, there- 
fore, that the cost of cultivation of the native cane, per ton is just 
five pesos. Let us see how this compares with the cost of cultivation 
of the Java varieties, which are quicker growing and, henc(>, reed 
less weeding and general cultivation and which yield from twice to 
four times as nruch as the native cane. Let us take as a conservative 
figure only twice the yield of the native cane from these varieties 
and assume that we will spend 80 per cent, as much in cultivation 
per hectare, a figure which will never be reahzed as the Java canes 
can be cultivated at a much lower rate. This means, then, reduced 
to cost per ton, that the Java canes cost us for cultivation only two 
pesos, whereas We have been spending five on the native. I’he 
Tucuman planters, theji, are to-day saving in cost of cultivation at 
least three pesos on every ton of cane they deliver to the jactories ! 
When the plantations are normalized, which will be for the 
crop of 1920, Tucuman will grind about 2,000,000 tons of cane 
annually. 

Will not the Tucurain Experiment Station have paid a splendid 
dividend to its stockholders, the cane and sugar men of Tucuman, 
when, as the result oj <mly one series of experiments, it contributes 
to the little province a saving in the cost of cultivation of its principal 
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crop of a round six million pesos per year (about £500,000) ? Is 
it not likely that these results will place the province of Tucumsln 
within a few years in a position whicTi will permit her to enormously 
increase her production and compete under more favourable terms 
with other countries having vastly superior climatic and geographical 
conditions ? 



THE WORLD’S SUGAR SUPPLIES * 


In view of tlie fact that at the close of the year the British 
Sugar (Commission ends its work, and that prices will afterwards 
be governed by open market coixditions, more than usual interest 
attaches to the reports of the present crop and the estimates of the 
world’s supplies. Indications point to there being plenty of sugar 
in the world to meet normal requirements, though he would, indeed, 
be a rash pemon who went so far as to prophesy a return to pre-war 
values, or even a substantial reduction in the prices which have 
steadily risen during the past five years. 

The United Kingdom is one of the greatest sugar-coiisuming 
countries, and, mdike the majority (d others, is enthely dependent 
upon imports for its supplies. Before the war those imports of cane 
and beet, refined and unrefined, were rapidly approachin.g the romid 
figure of two milhon tons a year. This ajjproximately represents 
a consumption which was exceeded in bulk only by the United 
States and British India, with Germany and Russia occupy- 
ing fourth aiul fifth positions. The average annual consumption 
in the five years’ period 1908-13 for the world is estimated at 

15.850.000 tons, the principal consuming countries beii’.g America 

3.400.000 tons. British India 2,830,000 tons. United Kingdom 

1.800.000 tons, Germany 1,460,000 to]>s, Russia 1,180,000 tons, 
Austria-Huiigary 680,000 ton.s, and France 643,000 tons. On the 
basis of population, the United Kingdom was an easy first in the 
average consumption per head, with America next. A curious 
fact is that while the world’s suppHes averaged nearly 16 million 
tons a year, the exportable surplus of produciiig countries averaged 
only 5j million tons, of which the United States absorbed 50 per 


♦ Reprinted from The Economist, dated 1st November, 1919. 
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cent., Great Britain 34 per cent., and British India 11 per cent. 
Notv/ithstanding that India produced more sugar than any other 
country, it was not self-supporting, having to import 20 per cent, 
of requirements, principally from Mauritius, Java, and Austria- 
Hungary. On the other hand, the United States, with great resour- 
ces, produced only 23 per cent, of requirements, and imported 
very largely from the West Lidics. Of European countries, Germany, 
Austria-Hungary, Russia, France and Holland all produced a varying 
surplus for export. 

Before the war the United Kingdom’s requirements were 
supplied to the extent of 96 per cent, from foreign countries, and 4 
per cent, from British possessions, fully half of the former being 
derived from Germany, and a fifth from Austria-Hungary. In 1913, 
for instance, our net imports of sugar were 1,968,760 tons, of which 
Germfmy sent 936,900 tons and Austria-Hmigary 368,922 tons — 
in all, 1.295,822 tons, or just on 66 per coiit. of the total net imports. 
It will be readily gathered that when war cut off these sources of 
supply the United Kingdom found itself in a very tight position, 
and had to turn to other quarters to supplement the 34 per cent. left. 
Cuba, which in pre-war years sent us about 200,000 tons, was 
appealed to, and increased her export to the Uiiited Kingdom to as 
much as 700,000 tons in 1917, while the British West Indies, Peru 
and America were all drawn upoji for larger quantities. In the 
circumstances of a world shortage, due principally to the exclusion 
of German and Austrian sugar, and the ditficulties attaching to 
overseas transport, it could not be expected that normal supplies 
could be assured. Great Britain, nevertheless, did very well, and 
managed to import 70 to 75 per cent, of the quantity she might 
otherwise have imported, as the following returns of net imports 
will show 

C. I. F. values 





Tons 

£ 

1913 


, 

2,969,265 

2.1,066,621 

1914 



1,984,074 

32,013,077 

1915 



1,480,263 

31,862,663 

19H) 


. . 

1,629,160 

37,271,340 

1917 



1,386,793 

36,686,807 

1918 


. . 

1,306,109 

34,368,147 
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By way of illustrating the increase in value, it may be noted 
that the average cost per cwt. in 1913 was lls. 8d . ; in 1918 it had 
advanced to 26s. 3d. per cwt. Imports to the United Kiiigdom 
this year so far show a fair improvement on the previous two years, 
total to hand in the eight months January- August being returned 
at 1,123,107 tons, against 908,013 tons and 960,600 tons in. the 
corresponding periods of 1917 and 1918, respectively. Should the 
remaining four months of the year maintain the same level, we may 
expect to receive about 1,700,000 tons, or 400,000 tons more than 
in 1918. Licidentally, it may be said that less than 20,000 tons 
of this year’s imports came from Europe. Chiba, however, heads the 
list with, in round figures, over 400,000 tons, Java following with 
225,000 tons, the United States 160,000 tons, Mauritius 135,000 
tons, and the West Indies 92,000 tons. 

With regard to future supplies, the outlook is })y no means 
altogether unsatisfactory, the estimates of the present world’s crop 
being about half a million tons above the pre-war average, but 
about the same quantity below 1917 yield, and 800,000 tons behin.d 
last year. In a table printed in the " (Commerce Monthly,” of New 
York, for September, the average protluction of the ])rincipal 
sugar-producing countries in the five years precedh;.g the war, 
the output of 1917 and 1918, and the estimated yield of the 1919 
crop, are given as under in short tons : — • 


Country 

1909-13 

(6-yoar 

Per 

cent. 

1917 

1918 

*1919 


average) 

total 

i 




Tons 


Tons 1 

Tons 

Tons 


2,620,687 

14 

3,066,360 ! 

3,708,320 

2,617.(H)0 

Germany 

2,385,661 

14 

1,796,390 ! 

1,759,047 

1,581,000 

2,060,843 

12 

3,386,566 | 

3,859,613 

4, 480,000 

Austria-Hungary . . 

1,586,815 

1,572,136 

9 

9 

1,057,840 ' 
1,480,192 , 

748,440 

1,162,010 

784,000 

784,000 

JIVUOOICV • • , , 

Java 

1,454,640 

8 

1,787,716 

2,005,992 1 

1,870,000 

Hnited Statf*^ 

881,734 

5 

1,133,626 

1,010,660 : 

1,040,000 

V aAAVwVa , g 

l^rfi,noA 

761,498 

4 

206,294 

224,297 

123,000 

TTAiWUli 

654,096 

3 

644,571 I 

576,839 

582,000 

Lxcavvcifii « « ^ 

*RinA 

348,456 

2 

502,395 i 

453,795 

420,000 

X VIX VLF Xvll^U • » 

Formosa and Japan 

Other countries 

266,249 

3,379,013 

1 

19 

488,349 1 
3,477,234 

445,332 

3,468,665 

466,000 

3,565,000 

Total . . 

17,740,618 

100 

19,026,532 

19,412,910 

18,312.000 


' Estimated* 
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This table only is in short tons ; to translate into long tons, 
deduct 10' 7 per cent., which in the case of the aggregates would 
give an estimated 1919 production of 16 , 350,000 long tons, against 
17 , 332,000 tons actual in 1918 , and 17 , 000,000 tons in 1917 , and 
comparing with a pre-war average of 15 , 850,000 tons. It will be 
seen that Cuba now leads the way in sugar production, the present 
crop being equal to 25 per cent, of the world’s supply, and at least 
100 per cent, more than her pre-war production. Before the war 
British India and Germany were first and second, respectively, 
with Cuba third. Tire dislocation occasioned by the war, however, 
was responsible for great changes. The cuttmg of! of Germany and 
Austria-Hungary had the effect of stimulating production in other 
quarters. British India increased her sugar production in 1918 by 
50 per cent, over her pre-war average, and had surplus for export. 
The present crop appears to have fallen back to about the old level, 
and if it realizes no more than the estimate, she will have need to 
import half-a-million tons to meet consumptive requirements. 
The estimates of the production of Germany and Austria-Hungary 
approximate to normal home consumption, so that it seems urdikely 
that either of these countries, upon whose surplus we relied to 
so large an extent, will have anything of the present crop to export, 
unless their own peoples deny themselves. The shortage in these 
two countries represents a difference of 1 , 460,000 tons in the world’s 
supply. Russia’s crop is put down at half pre-war average, and 
equal to about 50 per cent, of Russia’s jxormal consumption, while 
France, which previously was sclf-supplyii'.g and had a small surplus 
of 30,000 to 40,000 tons for export, will have to import about 600,000 
tons. In other words, Europe, including the United Kingdom, 
will require over six million tons of sugar and will produce only 
half that quantity. The falling off in European production is, 
however, offset by the greater outturn of Cuba, as already noted, 
by Java, the United States, Japan, and others who have increased 
their crops. It may be added that the Royal Commission on Sugar 
co-operating with the American Food Administration, formed an 
International Sugar Committee, and arranged to buy the entire 
Cuban crops of 1917-18 and 1918 - 19 , the United States taking about 
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two-thirds of the production, and the Royal Commission the remain- 
ing third. 

The extent to which sugar from beet has played a part in the 
world’s sugar supplies may be seen in the fact that in the five-year 
period preceding the war it amoimted to 45 per cent. ; this year it is 
estimated at only 27 per cent. Owing to our drawing so largely 
upon Germany and Austria-Hungary, our nearest sources of supply, 
about two-thirds of the sugar consumed in the United Kingdom in, 
other days was beet sugar. Latterly, owu\g to the change in the 
sources of supply, it has been preponderatingly cane sugar, the 
production of which by places withui the British Empire increased 
from 3 , 275,500 tons in 1913-14 to 4 , 384,100 tons in 1917 - 18 , when it 
formed one-fourth of the world’s supply. Germany, her export 
market gone, had, according to the President of the German Indus- 
trial Sugar Users, an area under beet in 1918 of only 367,000 hectares 
(hectare equals 2'47 acres), as against 569,000 hectares in 1914 , or 
roughly a decrease of 35 per cent. Li Austria-Hungary the area 
under beet decreased 50 per cent. Europe is, of course, the great 
sugar beet-growing centre, and the future of its crops and their 
influence on sugar production elsewhere will be followed with the 
keenest interest. Will the industry revive in Germany and Austria- 
Hungary and assume pre-war extent, or will the dislocation which 
the war occasioned, and the development of cane sugar-growing 
prove too heavy a handicap ? In other words, will beet sugar 
successfully compete with cane sugar ? Recently it was stated 
at a meeting of the British Society of the Chemical Industries that 
the British Empire, with about 3 , 500,000 acres under sugar mostly 
cane, produced less than Germany and Austria-Hungary combined 
from less than half that area under beet. Of course, Germany, 
since it wrested the lead from Prance after the Franco-German war, 
had made great progress in improving the sugar content of the 
beetroot, which in the early days of the industry Was only 6 to 8 
per cent. While it is said the roots of the 1909 harvest contained 
an average of 17’ 63 per cent. 

ESorts have been made in this covmtry to induce farmers to 
grow beet for sugar, but in view of the cheapness of imported sugar 
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it has not been demonstrated to be a sound commercial proposition. 
Apparently the United Kingdom has a long way to go before it can 
establish a successful beet sugar industry. A regular supply of 
roots and co-operation between grower and manufacturer would 
appear to be essential, and not less important the cultivation of the 
beet to ensure the highest standard of quality. Investigation of 
375 samples of sugar beet grown in the United Kingdom proved 
them to be in composition and purity above the average of those 
growji on the (Jontinent, but it was reported that in other respects 
British-grown roots were so defective that it would be impossible 
to deal with them in a factory. The report of the society added 
that “ imtil greater attention is bestowed on the culture of sugar 
beet it cannot be asserted that sugar beet can be grown in the 
Unitetl Kingdom equal to those furnished on the Continent.” 

Sweden, by the way, is successfully cultivating sugar beet, 
the area under beet this year being 36,034 hectares, or 14 per cent, 
greater than in 1918. With an average harvest it is anticipated 
that this year s production wiU suffice to meet most of Sweden’s 
needs. 



BOTANY AND ITS KCONOMIC APPLICATIONS IN THE EMPIRE. 


At the last meeting of the British Association at Bournemouth, 
Sir Daniel Morris, President of the Section of Botany, in the course 
of his opening address,* said : — 

There can be no doubt that not only in the West Indies but 
also in all parts of the Empire, “ Enlightenment as to the objects, 
methods, and conditions of scientific research is proceeding at a 
rapid rate.” Perhaps the most interesting feature of the progress 
made is in connection with the application of the laws of heredity 
to the improvement of such highly important crops as sugar, wheat, 
and cotton. The problems associated with these mvolve both 
scientific and economic considerations. As regards the scientific 
side, it is fortunate that with the beginning of the twentieth century 
came the rediscovery of Mendel’s facts and the stimulating energy of 
the genetic school which has brought us an entirely new point of 
view in regard to the increased jjroduction of field crops. 

• Great importance is attached to the improvement of the sugar- 
cane, as the prosperity of many of our possessions depends upon it. 
Further, the requirements of this country approach something 
like 2,000,000 tons per annum. The sugarcane, although its origin 
is unknown, has been cultivated in tropical and sub-tropical 
countries from remote ages. Up to a recent date its propagation 
was purely vegetative, as it was supposed to have lost the power 
of producing mature seed. 

Sugarcane seedlings were observed at Barbados in 1858, but 
it was only in 1888 that Bo veil and Harrison were in a position to 
utilize the discovery and obtain thousands of self-sown seedlings 
for experimental purposes. Similar seedlings were also available 
in Java about the same time. As about this period the standard 

* Reprinted from the abridged report in Nature, dated lltb December, 1919. 
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caaes in sugar-growing countries were showing signs of being 
severely attacked by disease, the discovery of seedlings was a for- 
tunate circumstance. In fact, in some cases it may be regarded as 
having probably saved the industry. In British Guiana it is 
reported that in the crop of 1918 seedling canes occupied 83 per 
cent, of the total area under canes. Similar results have been 
obtained at Barbados, where Bo veil has continued since 1888 
raising canes of great merit. 

In India there is probably a larger area under sugarcane than 
in any other country. Its production of sugar is more than 
2,000,000 tons. The larger proportion of this consists of a low- 
grade quality known as juggery or gar. Palm-sugar is also pro- 
duced to the extent of 500,000 tons. Speaking generally, the sugar 
industry in India is }iot in a satisfactory condition. In spite of the 
enormous area under cultivation, India is obliged to increase its 
considerable imports of sugar from Java and other countries. To 
obviate this, urgent steps are beijig taken to improve the character 
of the canes and establish varieties adapted to local conditions and 
the circumstances of the sugar-growers. 

In the considerable literature of sugarcane-breeding in India 
Barber has brought together a vast amount of information of 
singular interest and value. In the few years that have elapsed 
since he has been in charge of the Coimbatore Kesearch Station he 
has laid the foundation of lines of inquiry that cannot fail to prove 
of great value in the permanent improvement of the sugar industry 
in India. 

In his presidential address in 1898 Sir William Crookes stated 
that the prime factor in wheat production was a sufficient supply 
of nitrogen. As the supply was then showing signs of exhaustion 
he warned wheat-growers of the peril awaiting them. Sir R. H. 
Pvcw iias now shown that, thanks to the chemist, who came to the 
rescue', there is practically no limit to the resources of nitrogen. 
During recent years Biffen, by his successful investigations on 
Mendelian lines at the Plant Breeding Institute at Cambridge, has 
shown that the characteristics distinguishing the numerous wheats 
can be traced, and the building up of a fresh combination of these 
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characters was possible on. practical lines. As the losses caused by 
disease were so serious, sometimes running to millions of quarters 
aimually, Biffen devoted special attention to- the possibility of 
breeding rust-resisting varieties. He found that the power of 
resisting the attacks of yellow rust, for instance, was an inheritable 
character. By crossing Gurka, a Eussian disease-resisting wheat, 
with Square Head’s Master, one of the most widely cultivated 
wheats in this country, Biffen eventually produced Little Joss, 
which, after trials extending over a period of several years, is said 
to yield four bushels per acre more than any other variety. Further, 
it possesses distinct disease-resisting qualities. 

Another of Biffen ’s new wheats is Yeoman. This was raised 
in order to produce what are known as strong wheats. These are in 
great demand in this country, as they produce a flour which is 
much superior for baking purposes to the flour of English wheat. 
In pre-war days Canadian strong wheats commaixded in the market 
5s. more per quarter than the best English wheat. Yeoman not 
only possesses the superior quality of Canadian wheat, but combines 
with it the high-yielding character of certain English wheats. 

A well-authenticated report, supplemented with full details, 
of the value of Yeoman as a field crop, was lately published {Journ. 
Bd. Agric., Vol. XXV, 1161). It was cultivated under normal con- 
ditions, but without artificial manure, on three fields on a large farm 
near Wye, Kent. The cropped area was a little more than twenty- 
seven acres. The total yield was 2,072 bushels, or an average of 
about seventy-seven bushels per acre. One field, previously under 
beet, comprising three acres, two rods and eight poles, yielded 34 J 
buslrcls, or an average of eighty -six bushels per acre. These results 
may be compared with thirty -two bushels, the average yield of 
wheat in this country. 

A most desirable improvement in wheat-growing in this country 
is to obtain a spring wheat combining early maturity with a yield 
approaching that of winter wheat. The establishment of a National 
Institute of Agricultural Botany for the further development of 
plant-breeding and the distribution of pure seed may be regarded 
as essential to the welfare and safety of the nation. 
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Wheat-growing is a very important industry in India. It 
was estimated in 1906-7 that 29,000,000 acres were under culti- 
vation in wheat with a yield of nearly 9,000,000 tons. Of this 
90 per cent, was consumed in India. A botanical survey of the 
Indian wheats was undertaken by the economic botanists at the 
Imperial Kesearch Institute at Pusa in 1910. In the following 
years, by the application of modern methods of selection and hybri- 
dization high-grain qualities were successfully combined with 
high-yielding power, rust resistance, and stiff straw, so that wheats 
were produced which gave upwards of forty-one bushels per acre. 

Among the best of the new varieties are Pusa 4 and Pusa 12. 
Owing to an organized system of distribution of seed, it is estimated 
that the area under Pusa 12 during the last wheat season (1918-19) 
was about 400,000 acres. The area under Pusa 4 was about 
100,000 acres. 

The important work carried on at Pusa by Howard and his 
accomplished wife has followed closely on the methods found so 
successful at Cambridge. It is interesting to note that in obtaining 
new kinds by hybridization between Indian wheats and rust- 
resisting forms in Northern Europe a difficulty in regard to flower- 
ing at difterent periods was overcome by sending the Indian parents 
at Cambridge for spring sowing and by carrymg out the actual 
crossing with Biffen’s new hybrids in England. Erom the crosses 
thus obtained Howard reports that a wide range of wheats has 
been evolved likely to prove superior to Pusa 4 and Pusa 12. 

The admirable work done by Biflen at Cambridge and the 
Howards in India clearly demonstrates the value of thorougli 
acquaintance with pure botany as a qualification for grappling with 
questions of economic importance. 

In reviewing the gain to Indian wheat-growers the Director of 
the Agricultural Kesearch Institute has recently stated that, in 
view of the favour with which the new wheats have been received 
and the cordial co-operation of provincial organizations, “it is a 
modest estimate to assume that in course of a very few years the 
area under Pusa wheats will reach 5,000,000 acres. This means an 
increase, in the near future, in the value of the agricultural produce 
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of India, in one crop only of 76 lakhs of rupees or £5,000,000 
sterling.” 

As in wheat, so in cotton, this country is almost entirely depen- 
dent on foreign supplies. The uneasiness caused by the excessive 
dependence of the great Lancashire cotton industry, with exports 
of the annual value of more than £100,000,000 sterhng, on supplies 
from abroad, and the occasional shortage, have led to general 
action being taken to encourage the more extensive growth of cotton 
within the Empire. Next to the United States, which in some 
years has supplied seven-tenths of our imports, India comes second, 
but the East Indian cotton is not well suited to the requirements 
of the EngUsh spinner. Egypt, as the third producing country, 
supplies cotton of great strength and fineness. 

‘ The most valuable of all cottons is that known as Sea Island 
cotton, owing to its introduction and successful cultivation on the 
coastal areas in South Carolina, Georgia, and Florida. It is inter- 
esting to report that in recent years Sea Island cotton has been 
introduced back again to the West Indies, which was probably its 
original home. This was effected by the Imperial Department of 
Agriculture in the West Indies in 1902, when a pure strain of seed 
raised from plants immune to wilt disease was obtained in quantity 
from James Island. This ensured that the industry from the first 
was placed on a firm basis, and, with the hearty co-operation of the 
planters, an important West Indian cotton industry was successfully 
estabhshed. For some years the West Indian cotton has obtained a 
higher price than the corresponding grades of cotton from the Sea 
Islands themselves. The fine spimiers in Lancashire are now 
practically independent for their supplies of this cotton from the 
United States. Further, it is not improbable that, oAving to the 
serious attacks of the Mexican boll weevil on cotton plants in South 
Carolina and Georgia, the West Indies may become the only source of 
supply of fine Sea Island cotton. The results so far attained may be 
realized from the fact that the West Indies in recent years has reached 
a total of £2,000,000 sterling. The general conditions in the West 
Indian islands, owing ‘to their small size and comparative isolation, 
should enable them to maintain a high purity of cotton. Harland, 
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whose services in the West Indies have been provided by a grant 
from the Imperial Department of Scientific and Industrial Research, 
has in hand important investigations with the view of placing the 
work of cotton selection and breeding on scientific lines. He has 
shown that the yield of lint per acre depends on a number of factors 
of a morphological and physiological character. In a general way 
it may be said that tlie yield is dependent on the climatic conditions, 
so an effort is being made to produce varieties which will interact 
with the environn\cntal conditions to the best advantage. Although 
Harland’s work sn far is of a preliminary character, he is able to 
suggest the conclusion that, following certain lines of selection and 
breeding an.d bearing in mind the relative importance of lint index 
and lint percentage, it is possible to isolate a strain of Sea Island 
cotton with a weight of lint per boll 31 per cent, greater than that 
of the ordinary sorts in cultivation. 

As already mentioned, India is the second largest producer 
of cotton. In 1906-07 it was estimated that there were about 
20,000,000 acres under cotton with a production of nearly 5,000,000 
bales. It is unfortunate that the quality of East Indian cotton is 
not high, in spite of the consideiable efforts made in recent years 
to improve it. 

Leake’s research work in the United Provinces, carried on for 
many years, is regarded as probably the most complete yet attempted 
with cotton in India. A variety known as K. 22 has been widely 
distributed, and the produce in 1916 sold at 31 rupees per maund 
wheu’ local cotton was 25 rupees. Further, the ginning percentage 
has been raised from 33 to about 40, while the lint is of superior 
quality. 

Leake has alse been successful in raising an early-flowering 
form of cotton on Mendelian lines. The new form differed from 
ordinary cotton cultivated in the United Provinces in that it 
assumed a sympodial instead of a monopodial habit. It not only 
yielded cotton of high quality, but was found by its early-flowering 
habit to suit the special conditions of the United Provinces. 

^ Egyptian cotton comes next to Sea Island cotton in quality, 
it may be useful to refer to what has been done, or attempted to be 
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done, on scientific lines to safeguard the industry. Its importance 
may be gathered from the fact that the area under cultivation is 
between 1,500,000 and 2,000,000 acres. Balls has fully reviewed 
the scientific and other problems that had to be solved in placing 
the industry on a satisfactory footing. According to Balls, the 
high-water mark of Egyptian cotton-growing was from 1895 to 
1899. Since that time, although the actual area under cotton has 
been increased by 600,000 acres, the benefit measured in terms of 
cotton alone has been small. It is probable that the attacks of the 
pink boll-worm and other pests may have affected the results, but 
Balls and his colleagues drew the conclusion that “ the falling off 
in yield was due to a rise in the level of the subsoil water or water 
table of the country brought about by the extension of the irrigation 
system during the past decade.” The roots of the cotton plant 
were thus adversely affected at a critical period of growth. This 
recalls what Howard discovered : that one of the causes of the wilt 
disease in indigo in India was the destruction of the fine roots and 
nodules during heavy monsoon rains. 

Probably the most remarkable instance on record of the suc- 
cessful combination of science and enterprise iii the tropics is the 
establishment of a cacao-growing industry in the Colony of the 
Gold Coast, West Africa. Thirty years ago no cacao of any kind 
was produced on the coast. Owing, however, to the foresight of 
the then Governor (Sir William Brandford Griffith), who sought 
the powerful aid of Kew, cacao-growing was started in a small way 
among the Negro peasantry with eventually extraordinary results. 
After selecting the locality for the experiments, seeds and plan.ts 
were obtained through Kew, and a trained man was placed in charge 
{Kew Bull., 1891, p. 169,' 1895, p. 11). The first exports in 1891 
amounted to a value of £4 only. So rapid was the development 
of the industry that ten years later the exports reached a value of 
£43,000. By this time both the people and the Government had 
begun to realize the possibilities of the situation, and systematic 
steps were taken to organize under scientific control a staff of 
travelling agricultural instructors to advise and assist the culti- 
vators in dealing with fungoid and insect pests and improving the 
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quality of the produce. In 1911 the exports had increased nearly 
fourfold and reached a total value of £1,613,000, while in 1916 
what may possibly be regarded as the maximum exports were of the 
value of £3,847,720. 

It should be borne in mind that this Gold Coast cacao industry, 
now one of the largest in the world, has been called into being and 
developed entirely by the agency of unskilled Negro labour, and on 
small plots from one to five or ten acres in extent. The controlling 
factors were, first, the selection of suitable land for cacao-growing; 
next, the selection and supply of seeds and plants of varieties adapted 
to local conditions; and, lastly, the advice and assistance of trained 
Europeans backed by the resources of scie]ice. 

Coming nearer home, Henry, well knowir from his association 
with Elwes in the production of “ The Trees of Great Britain 
and Ireland,” by historical research and experiment, has established 
the fact that many fast-growing trees in cultivation, such as the 
Lucombe Oak, ('ommon Lime, (hicket-bat Willow, Black Italian 
Poplar, Huntingdon Elm, etc., are natural hybrids. It was of 
high scientific importance to discover the origin of these valuable 
trees. Further, by artificial pollination, Henry has succeeded in 
raising new hybrids which display the extraordinary vigour charac- 
teristic of the first-generation cross. Perhaps the most notable so 
far is a new hybrid poplar {Populm generosa) which makes the 
strongest shoots of all poplars. It is claimed in the case of hybrid 
trees that “ it is possible to produce much greater bulk of timber 
in a given time.” The common belief that quickly grown timbers 
are of inferior quality is said not to hold good in respect of any 
quality in ash, oak, and walnut. In fact, according to Dawson, 
“ with oak, ash, and walnut the quicker their growth the better 
their quality in every way. They are more durable, more elastic, 
and less difficult to work ” (“ Science and the Nation,” p. 138). It 
is further claimed that by hybridizing it may be possible to produce 
disease-resisting varieties and varieties carrying with them other 
desirable chartxch'ristics. 

In the tropics breeding experiments in the case of India-rubber 
trees are likely to prove of great value. In the meantime, selection 
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of seed from the best trees is being carefully carried out in the hope 
of increasing the general yield of the plantations. In Java the 
proportion of alkaloids in the bark of introduced cinchona trees 
(yielding quinine) has nearly doubled by careful selection on these 
lines. 

Plant-breeding experiments with India-rubber trees have 
already been attempted, but they are not likely to be of much value 
if they are confined to empirical and haphazard lines. Work of 
this kind must be lengthy and complex, but it is absolutely essential 
to ensure the safety of an industry which is estimated to be of the 
aimual value in the Middle East of about £50,000,000 sterling. The 
Agricultural Department in Ceylon, which is fully alive to the 
fundamental importance of the selection and breeding of India- 
rubber trees, has already taken some action iii the matter. 

Another investigation in hand is to determine whether the 
latex-yielding quality of Hevea trees can be associated with any 
definite botanical characters and to what extent such characters 
are transmissible. Twenty trees of the same age growing in a four- 
acre block have been selected for differences iji leaf and bark 
characters. These are all tapped on the same system, and the yield 
of rubber from each tree is recorded separately for each tapping 
{Kew Bulletin, 1917, p. 118). 

The value of these and other experiments of a like nature may 
be realized when, according to Varnet, quoted by Johnson, the yield 
of rubber from different trees of Hevea growing under similar condi- 
tions in the same plantation may vary as regards volume of latex 
from 4 to 48, and in percentage of weight of dry rubber from 1'286 
to 14-164 {Journ. d'Agric. Tropicale, 1907). 

Bateson a few years ago expressed the opinion that nowhere 
is the need for wide views of our problems more evident than in the 
study of plant diseases. Biffen and others have shown that under 
certain conditions the quality inherent in some varieties to resist 
disease may be utilized to great advantage. The national impor- 
tance pf such work is impressed upon us by the enormous losses 
sustained every year by rust in wheat, mould in hops, and the 
widespread disease of potatoes. One of the most striking instances 
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in recent times was the destruction of the valuable coffee planta- 
tions in Ceylon. The industry, an exceptionally valuable one, was 
wiped out in a comparatively few years by the coffee-leaf disease 
{Hemileia vastatrix). In the light of our present knowledge it is not 
improbable that this disease may have been checked by seed selec- 
tion or by raising an immune race of plants or, more probably, as 
suggested by Armstrong, by regulating the use of essentially nitro- 
genous manures, which are known in some cases to intensify the 
attacks of fungoid pests, and substituting the use of phosphates. 
As illustrating the occurrence of an incidental result arising from 
a purely scientific investigation, mention may be made of the dis- 
covery of a remarkably tall strain of flax at the .John Ini\es Insti- 
tution. Tliis, if capable of being established on pure lines, may 
prove of economic value. It is a hopeful sign that the appreciation 
of the work done at this institxdion, ui-der the stimulating energy 
of Bateson, is increasing day by day. We may mention the great 
success which is atteiiding the establishment of a school of technical 
education and research by the Royal Horticultural Society at Wisely, 
This is maintained by liberal funds, and by means of its well-equipped 
laboratories and extensive trial grounds it ofiers unique facilities 
for solving problems of great value as affectij’g the future of British 
horticulture. In sympathy with the work at Wisely, private firms 
are also setting up laboratories of their own and employing men of 
high standing so that a just balance may be maintained between 
science and practice. The progress made in the elucidation of 
problems in tropical plant pathology shows the necessity not only 
for well-trained and experienced juycologists and entomologists, 
but also for the correlation and combination of knowledge gained 
in their several lines of study. It is suggested that research work 
should be organized on the broadest possible lines, and combine the 
biological services of the whole Empire. We have a first step in 
this direction in the Imperial Bureau of Entomology, with its head- 
quarters at the British Museum. Those acquainted with the efii- 
cient work done by this bureau and the excellent publications issued 
by it will very heartily welcome the establishment of the proposed 
Imperial Bureau of Mycology to carry on work on similar lines. 
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HALF-BRED ATRSHIRE-M0NT60MERY CATTLE 
AT PESHAWAR. 

In January 1917, two half-bred Ayrshire-Montgomery bull- 
calves were placed with the Awankari herd at the Peshawar Agri- 
cultural Station, to observe their thriftiness in general, and their 
resistance to diseases which are never loi^ absent from the neigh- 
bourhood of the farm. A third calf was at the same time given to 
a neighbour in a village near by, there to be observed, whilst taking 
his chance of life with the village cattle. The half-bred animals 
were brought up on the pail. The pair on the farm were fed whole 
milk, with a little concentrated food in season. Reared in this 
way they of course cost more to bring up than they were likely to 
realize as work-bullocks, but they grew into big, blocky, strong- 
limbed, and quite exceptionally good handsome bulls. They were 
never sick or sorry until they attained the age of two years. Then 
rinderpest carried off No. 1, when that disease was abroad in the 
land. But happily, no Awankari or working bullock in the Tamab 
herd of about 60 animals was attacked. The cross-bred No. 1 
was the first to succumb to the disease. No. 2 was not affected 
when his stable companion died. The entire herd was inoculated 
when cross-bred No. 1 was seen to be ailing and the usual precautions 
were t^en to prevent the spread of the disease when the case was 
diagnosed. 

Now, four months after the death of No. 1, No. 2 has “ foot- 
and-mouth.” The trouble is prevailing in the neighbourhood, 
but thus far no Awankari or working bullock is affected. So the 
half-bred is banned the herd, and soon he will go to the butcher. An 
animal Idiat is peculiarly liable to disease is a danger to all the herd. 

( 217 ) T 
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No. 3 early saw the desolation of rinderpest. Wh^n he was 
less than three months of age, the writer observed him, and in 
sympathy rubbed his poll, as he awaited inoculation amidst many 
cattle in the village, a village where, the week before, 40 head 
succumbed to rinderpest. He came through that trial unaffected. 
And although foot-and-mouth is in the villages off-and-on 
nearly always, he escaped that also without in any way fore- 
going his freedom or the companionship of reputedly hardier 
kine. 

But he is dead now. His owner became ashamed of him, 
for he was a dwarf. He was hardly more than half the size and 
weight of his half-brothers on the farm who were much of his age, 
but who had the good fortune to be brought up on whole milk 
and good Agricultural Station rations. He was not a pinched 
starved dwarf. He was a sleek little “ Tom Thumb.” 

So ends the small trial of half-bred cattle at Tarnab. 

Knowing the heavy toll rinderpest and other diseases have 
taken from imported bulls and their half-bred progeny in India, 
and bearing in mind that foot-and-mouth especially is never long 
absent from the villages, more than ever the utmost will be done at 
Tarnab to raise the milk yield of the Awankaris by selection, rather 
than hy an infusion of foreign blood. 

The work bullock whose upbringing costs Ks. 150 or more 
must not be more than usually prone to suffer from the diseases 
that so frequently visit the villages. 

Regarding the thriftiness of cross-breds and Awankaris re- 
spectively, on nearly level terms they did equally well. Up to the 
age of two years, which was the period of the trial, the Awankaris, 
age for age, were as heavy as, and far more handsome and active 
than, the cross-breds (Plate XIV). 

But the loss of the two cross-breds at Tarnab is regretted. 
They got a lot of kind handling and Plate XIV shows that they 
responded to good fare and kindness. 

The trial was of course quite a small one. But soon, perhaps, 
records of the progress of the big herds of half-bred cattle that are 
now in India will be published. [W, Robertson BstowN.] 




Awankari. Ayrshire-Montgomery. 
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THB BRITISH EMPIRE SUGAR RESEARCH ASSOCIATION. 

Wb have received th,e following for publication ; — 

Tub need for a British Sugar Eesearch Association has so 
long been felt by sugar planters, refiners and all those manufac- 
turing firms directly and indirectly concerned with sugar, that 
the formation of such an association as has now come into being 
will be welcomed. 

With the assistance and support of the Government Depart- 
ment of Industrial and Scientific Eesearch, a strong association 
has now been formed, whose memorandum and articles of association, 
and prospectus, have received the approval of that department, 
as well as that of the Board of Trade. On 30th May, 1919, this 
association was registered under the presidency of Sir George Beilby, 
who is a member of the Advisory Council of the Government Depart- 
ment of Industrial and Scientific Eesearch. The Vice-Presidents 
are the following distinguished gentlemen: — ^the Et. Hon. Lord 
Bledisloe of Lydney, K.B.E. ; Sir Daniel Morris, K.C.M.G., D.C.L., 
D.So., LL.D. ; Sir Edward Eosling ; Professor E. J. Eussell, O.B.E., 
D.Sc., F.E.S.; Professor W. Bateson, D.So., P.E.S.; Professor 
J. Bretland Parmer, D.So., M.A., F.E.S. ; and Mr. Edward Saunders. 

The gentlemen elected to the Council represent every branch 
of the sugar industry throughout the Empire. 

The aim of the association is to establish, in co-operation 
with the Government Department of Scientific and Industrial 
Eesearch, an empire scheme for the scientific investigation, either 
by its own ofl&cers, or by universities, technical schools and other 
institutions, of the problems arising in the sugar industry, and to 
encourage and improve the technical education of persons who 
are or may be engaged in the industry. 

The association is inviting all those who are engaged in any 
branch of the sugar industry within the empire to become members, 
and thus become eligible for benefits resulting from the acientifiic 
investigations it will cany out. 

While it may be adnutted that research work has always been 
proceeding in scattered localities of the empire, where cane and beet 
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aie grown, and also in En^nd wihere sugar is refined, as wdl as 
in factories where sugar is an ingredient for the manufacture of the 
finiahfl d article, such research is carried out by the factory’s chemist, 
who works continually for the improvement of sugar manufacture. 
Such improvements, however, often remain only half investigated, 
owing to the time given to routine work, which is the main occupa- 
tion of the factory chemist. There are few factories who can employ 
a highly skilled chemist mainly for research work, therefore the 
necessity for an organized association where research will be carried 
out by the best brains, for the general benefit of the empire sugar 
industry, is felt daily more and more. 

The scope of the work to be done by the association will include 
the investigation of problems arising in all branches of the sugar 
industry, including the improvement of the su^rcane, sugar beet, 
the various methods of extracting the sweetening matter from cane 
and beet, the various processes of refining, and the best methods 
for the use of sug^r employed by manufacturers using sugar as one 
of their raw materials, as well as the discovery of the beat uses 
of the after-products of both factory and refinery. 

In order to make the research work of the association of the 
greatest possible utility to the industry, power has been taken, 
not only to encourage the training of research workers, but also to 
improve the technical education of persons engaged, or likely to be 
engaged, in all branches of the sugar industry. 

A survey is being made of the field of research which is likely 
to be beneficial to the industry, and it is hoped that members 
of the association will be willing to assist in the framing 
of a thoroughly comprehensive scheme, by making su^estions 
relating to that part of the industry with which they are intimately 
acquainted. 

It is also proposed to establish a bureau of information for the 
sugar and allied trades industries, to which any member of the 
association can apply for assistance in the technical and other 
difficulties which he may encounter in his business. 

By means of its various activities as an association for sugar 
zeseaich, a bureau of information, and a centre for the furtherance 
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of technical education, it is hoped that the British Empire Sugar 
Research Association will exercise a far-reaching and beneficial 
influence on the future welfare of this ancient and important industry. 

« 

* * 

THE ELECTRICAL TREATMENT OF SEEDS. 

During the past seven or ei^t years, e^riments have been 
in progress upon the effect of the electrical treatment of seeds. 
The process is one devised by Dr. Charles Mercier who, however, 
recently died, but the work is being carried on by others. It is only 
during the past three years that the process has been worked on a 
commercial scale. Three seasons ago it was tried at home by about 
a dozen farmers, two seasons ago by more than 160 , and this season 
by more than 600 . The process has not been advertised and the 
rapid progress made is almost entirely due to the recommendation 
of one farmer to another, or by seedsmen to farmers. It is claimed 
for the process that properly conducted electrification of seed never 
fails to produce an increase in a crop of corn, and that in every one of 
the few cases in which this result has not been produced, it has been 
found that some mistake has been made in the process. From 
samples of wheat, oats, barley, etc., the writer has seen there is a 
distinct improvement in that grown from electrified seed over that 
grown from seed in the ordiuaiy way. The figures given to him 
were that the increase in yield varies from four bushels to twenty 
or more bushels per acre, the average of a considerable number of 
trials being about ten bushels or 30 per cent. Engineers indicate 
that there is considerable difference of opinion and in some cases 
scepticism as to the results of electrification. It seems a curious 
fact that laboratory e:2q)eriments at the experimental farm at Botham- 
sted shew no improvement from electrified seed, whilst a number 
of farmers from the Devonshire district are ready to speak in hi^ 
praise of the value of the process. The owners of the process say 
that every kind of seed requires its own peculiar treatment, and 
that this treatment has been completely ascertained only for cereal 
crops. Large quantities of electrified root seeds have, however, 
been sown this season. The general claims are that the cost of 
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electrification is small, the process is simple and adds nothing to the 
labour of the farmer, to the implements for operation on the farm 
or to his capital on outlay, unless he chooses to electrify the seed 
for himself. [Indian Industries and Power, November 1919.] 


Flour from the cattails of the swamps has been found by the 
Plant Chemical Laboratory at Washington to contain about the 
same amount of protein as rice and cornflours, with somewhat 
less fat than wheat flour, and it was regarded as a promising substi- 
tute with wheat flour to the extent of 10 to 20 per cent. In the 
investigation of which he has given an account in the “ Scientific 
Monthly,” Prof. P. W. (flaassen tried the flour in several ways, 
both as part substitute with wheat flour in baking and as cornstarch 
substitute for puddings. Biscuits containing 60 and even 100 per 
cent, of this flour proved to be palatable, not very different from 
those of wheat flour alone, while the puddings had an agreeable 
flavour and were satisfactory. The flour material is obtained 
from the large underground rootstalks or rhizomes, of which it forms 
a starch core three-eighths to one-half inch iix diameter. Tlie 
dried rhizomes from an acre of cattails were shown to equal 10,792 
pounds, and the core substance, passed through a meat-grinder and 
sifted, yielded fine flour at the rate of 6,600 pounds per acre. Many 
thousand acres of cattail marshes are included in the 139,866 square 
miles of swamp-land of the United States. [Capital, dated 10th 
Januaxy, 1920.] 

* 

* * 

MANGO HOPPER PEST. 

A COMMUNIQUE issued by the Publicity Bureau, Madras, says : — 
The Government Entomologist of the Agricultural College, 
Coind).'itoro, notifies that he is iix a position to supply fishoil rosin 
soaj) iit the rate of R. 0-2-1 per lb. This should be used to spray 
mango trees to save them from the mango hopper. A pamphlet 
bon*tainihg instructions showing how the soap should be applied. 
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will be sent free of charge to any tree owner who applies to the 
Government Entomologist, Agricultural College, Coimbatore. The 
tree owners living in Northern Circars can obtain the soap and the 
pamphlet by applying to the Deputy Director of Agriculture, No. 1 
Circle, Anakapalle. 

A later communique from the same source says : — 

One of the worst enemies of the mango tree is the insect called 
“ the mango hopper ” which causes considerable damage to the 
crop in certain years, especially in Chittoor and Salem. Sometimes 
the trees in the gardens blossom in. profusion during the cold weather, 
and great hopes are entertained of a good crop in the coming season. 
But within a week or two after blossoming, the flower buds and 
blossoms turn brownish and gradually wither away. The few 
first formed fruits drop and the leaves of the mango become covered 
with a sticky juice which gives them a dark sickly appearance. 
The cause of the trouble is the mango hopper. 

The mango hopper is a small insect about an eighth of an inch 
in length with a broad head and a wedge-shaped body. Its colour 
appears to be a light greenish brown. Close observation shows 
that it is really brown with light black and yellow markings. It can 
fly but generally moves about by vigoroiis hojjs. The insect lays 
its eggs in the shoots and leaves, inserting them one by one beneath 
the surface. The eggs are abnost too small to be seen by the eye. 
The young are similar to their parents but wingless. They cast 
their skins periodically and get their wings and their full adult form 
in about 10 days. Both the young and the full-grown insects attack 
the tender shoots and leaves of the mango and suck up the plant 
sap, thereby robbing the flowers and fruit of the juice required 
to develop them. These insects breed at the time when the mango 
trees blossom, and in some years enormous swarms of mango hoppers 
may be found in the mango trees at the blossonung season. If these 
swarms are allowed to have their way there is zxo hope for the mango 
fruits. 

The only generally efiective method of defeating the attacks 
of mango hopper is to spray the trees at the breeding season with 
some liquid which will kill the young hopper. Young hoppers 
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are wingless and are unable to fly or bop. Hence they are unable 
to escape from the poisonous spray. The sprayii^ operation 
must be begun when the flowering shoots begin to appear, i.e., about 
January, and must be repeated from time to time up to the end of 
March. The possibility of defeating the attacks of the mango 
hopper by the use of a spray has been tested and proved by the 
Agricultural Department in experiments conducted for some years 
in the mango gardens of Salem and Chittoor. 

The Agricultural Department has published a leaflet (No. 3 
of 1917) giving detailed instructions for the use of the spray. The 
material recommended by the Agricultural Department for use as 
a spray is the fishoil rosin soap. To use the spray we need a 
good syringe which will wet the tree evenly all over. An ordinary 
garden syringe is not generally satisfactory and a special syringe 
is required. . 

The cost of a suitable syringe would probably be about Rs, 100. 
The cost of fishoil rosin soap required for spraying a single mango 
tree may roughly be taken as 8 amxas. A single syringe will of 
course spray a very large number of trees. As the crop of a single 
mango tree may be worth 200 or 300 rupees, it will be seen that the 
tree owner can well afford to invest some money in a suitable syringe 
and the fishoil rosin soap. It has been suggested that traders or 
co-operative societies in Chittoor and Salem might well buy suitable 
syringes and hire them out at reasonable prices to the tree owners 
in their neighbourhoods. The Government Entomologist of the 
Agricultural College, Coimbatore, has already notified that he has a 
stock of fishoil rosin soap for sale and that he is prepared to supply 
with the soap pamphlets containing instructions for its use and 
advice as to the most suitable spraying machines for the work and 
the firms and prices at which they can be purchased. 

It is understood that many tree owners have shown their willing- 
ness to adopt the system of spraying, and it might be worth while 
for a commercial firm to stock and advertise a suitable mango 
syringe after consulting the Agricultural Department and obtaining 
its approval to the type of syringe. 



PERSONAL NOTES, APPOINTMENTS AND TRANSFERS, 
MEETINGS AND CONFERENCES, ETC. 


Sir Frank Sly, K.C.S.I., I.C.S., who officiated as Inspector 
General of Agriculture in India from 1904 to 1907, has been ap- 
pointed Chief Commissioner of the Central Provinces. We offer 
him our sincere congratulations. 

* * 

We offer hearty felicitations to the Hon’ble Mr. H. R. C. 
Hailey, C.I.E., I.C.S., Director of Land Records and Agriculture, 
United Provinces, and Mr. Frank Noyce, I.C.S., Controller of Cotton 
Cloth, who have been appointed Commanders of the Most Excellent 
Order of the British Empire (Civil Division) for services in 
connection with the war. 

* 

4c * 

The New Year’s Honours List contains the following names 
which will be of interest to the Agricultural Department : — 

Rai Bahadur. Babu Rajeswar Das Gupta, Deputy Director of 
Agriculture, Bengal. 

Mr. Lachmi Chand Sharma, M.R.A.C., Deputy 
Director of Agriculture, Eastern Circle, United 
Provinces. 

Khan Sahib. Shaikh Muhammad Naib Hussain, Superin- 
tendent, Sugarcane Farm, Shahjahanpur, United 
Provinces. 

M. Naiz Muhammad, Deputy Superintendent, 
Civil Veterinary Department, United Provinces. 

Rai Sahib. Babu Apurba Kumar Ghosh, Sericultural Super- 
I intendent, Bengal. 
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Boo Sahib. M. E. Ky. T. S. Venkatbaman, B.A., Acting 
Government Sugarcane Expert, Coimbatore. 

M. K. Ry. Y. Ramachandba Rao, M.A., F.E.S., 
Entomological Assistant, Agricultural Depart- 
ment, Madras. 

♦ 

He He 

Sib Thomas Elliott, Bart., K.C.B., has been appointed as 
the representative of the United Kingdom, India, and other parts 
of the British Empire on the Permanent Committee of the Inter- 
national Institute of Agriculture at Rome. 

* 

* * 

Mr. G. P. Hector, M.A., B.Sc., Economic Botanist, Bengal, 
has been appointed to officiate as Imperial Economic Botanist, 
Pusa, from 20th December, 1919, vice Mr. A. Howard, C.I.E., M.A., 
on combined leave. 

* 

* * 

Dr. F. J. F. Shaw, Second Imperial Mycologist, has been 
granted combined leave for 11 mouths. 

He 

He He 

The University of Calcutta has conferred the degree of D.Sc. (in 
Chemistry) on Mr. J. Sen, Supernumerary Agricultural Chemist, 
and the degree of M.Sc. (in Chemistry) has been conferred on Mr. 
N. V. Joshi, First Assistant to the Imperial Agricultural Bacteriologist, 
by the Bombay University. 

H« 

Ht H« 

Mr. T. F. Main, B.Sc., Deputy Director of Agriculture, Bombay, 
has been allowed 'an extension of furlough for six mouths. 

He 

He He 

Mr. K. Hewlett, O.B.E., Principal, Bombay Veterinary 
College, has been granted combined leave for six months. Mr. 
M. H. Sowerby officiates as Principal during Mr. Hewlett’s 
absence. 
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Mb. E. D. Anstead, M.A,, Deputy Director of Agriculture, 
Planting Districts, Madras, has been granted combined leave for 
one year from or after lOtb April, 1920. Mr. F. R. Parnell, B.A., 
Government Economic Botanist, will, on return from leave, be 
entrusted with the supervision and control of the experimental 
work at the planting stations. 

♦ 

Ms ♦ 

Mr. H. M. Leake, M.A., F.L.S., Offg. Director of Agriculture, 
United Provinces, has been nominated a member of the Legislative 
Council of the Lieutenant-Governor of the United Provinces. 

* 

* * 

Dr. a. E. Parr, M.A., B.Sc., Deputy Director of Agriculture, 
Western Circle, United Provinces, was on privilege leave from the 
11th October, 1919, to the 5th January, 1920. 

* 

* * 

Mr. D. Clouston, C.I.E., M.A., B.Sc., has been confii'med as 
Director of Agriculture, Central Provinces. 

♦ ^ 

Mr. R. G. Allan, M.A., Principal, Agricultural College, Nagpur, 
has been granted privilege leave for six months. Mr. F. J. Plymen, 
A.C.G.I., will officiate as Principal diiring the absence on leave 
of Mr. Allan, or until further orders. 

* 

♦ * 

Mr. C. P. Mayadas, M.A., B.Sc., Assistant Director of Agricul- 
ture, Western Circle, Central Provinces, is appointed to officiate as 
Deputy Director of Agriculture of the same circle, vice Mr. F. J. 
Plymen. 

* 

* * 

Mr. j. H. Ritchie, M.A., B.Sc., Deputy Director of Agriculture, 
Northern Circle, Central Provinces, has been granted privilege 
leave for four months and 20 days. Mr. Nand Kishore, Extra 
Assistant Director of Agriculture, has been appointed to officiate 
until further orders. 
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Mr. 0. T. Faulkner, B.A., Deputy Director of Agriculture, 
Lyallpur, has, on return from leave, resumed charge of his duties, 
relieving Malik Sultan Ali who remains attached to the Punjab 
Agricultural College. 

41 

He a(E 

Captain K. J. S. Dowland, M.R.C.V.S., has been appointed 
to the Indian Civil Veterinary Department, and is posted to 
the Punjab as Professor of Sanitary Science, Punjab Veterinary 
College, Lahore. 

He He 

Mr. E. Sewell, M.R.C.V.S., has been appointed Post-Graduate 
Professor in the Punjab Veterinary College. 

* 

* * 

Mr. F. J. Warth, M.Sc., Agricultural Chemist, Burma, was 
granted an extension of combined leave up to the 31st January, 
1920. 

He 

He He 

Mr. W. Harris, M.R.C.V.S., Superintendent, Civil Veterinary 
Department, Assam, has been granted leave for one month and 
sixteen days in extension of the leave already granted to lum - 


WOODHOUSE-SOUTHERN MEMORIAL FUND. 

Hs. 

Donations received up to the 30th November, 1919, and acknowledged 
in the Agricultural Journal of India, Vol. XV, Pt. 1, January 
1920 .. .. .. .. .. .. 2,662 

Sardar Darshan Singh (S) . . . . . . . . 20 


Total Rs. 2,582 



Botany lor Agricultural Students. — By J. N. Martin. (New York : 

Wiley & Sons.) 

Botany of Crop Plants. — By W. W. Robbins. (Philadelphia: 

P. Blakistons Son & Co.) 

The author of the first book states in his preface that his aim 
has been to present the fundamental principles of botany with 
emphasis on the practical application of these principles, chiefly to 
farm crops, forestry and horticulture. With this object, he deals 
in the first part of the book with the general structure and functions 
of plants, and in the second with particular types of plants, from 
thallophytes to gymnosperms, arranged according to their evolu- 
tionary relationships ; while the book ends with short chapters on 
the adaptation of plants to their environment, on evolution, varia- 
tion and heredity, and the application of these to plant improvement. 

To the agricultural student, the value of the book lies chiefly 
in the fact that economic plants are mainly used as illustrative 
material, and in this respect the book will be of use to students 
in this country, as the types described are generally more familiar 
than those usually presented in English text-books. For example, 
in the first part maize is fully described, and the illustrations 
showing the structure of the flower and other parts of this cereal 
are among the best in the book. 

There are some notable omissions from the index. Though 
much attention is naturally given to wheat in the text, there is no 
mention of it in the index, either under its botanical or common 
names. 
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The second book is of a different nature to the first. While 
the first is a botanical text-book, the latter is more suitable to the 
student who has already undergone a course in general botany 
and wishes to take up the more detailed study, from a botanical 
and agricultural point of view, of particular crops. While it deals 
briefly in the introductory chapters with the main structure and 
functions of plants, chiefly with the view of rubbing up previously 
acquired knowledge, the main part of the book is devoted to 
chapters dealing with the botany, agriculture and economics of the 
chief crops familiar to the American student. In this way it deals 
with the chief cereal crops, fibre plants, oil-seeds, fruits, vegetables 
and condiments. The various groups of plants are preceded by a 
botanical description of the natural order to which they belong, 
and the chapters end with references to the most recent literature 
regarding the crop in question, which are fairly full and up-to-date. 
The book is well illustrated and is a useful addition to the list of 
text-books in English dealing with the botany of cultivated plants. 
[G. P. H.] 

* 

* * 

Drainage for Plantations : A Practical Handbook. —By Claud Bald. 

(Calcutta : Thacker, Spink & Co.) 

“ Drainagk is now looked upon as the foundation upon which 
all other agricultural improvements must be based.” 

Everyone knows in a sort of casual way that drainage is 
necessary in certain soils and that no soil which is permanently 
saturated with water will produce good crops. A svamp, for 
instance, is unproductive. In arranging any system of drainage 
stagnant water must at all costs be eliminated. What is needed 
is a constant and fairly rapid flow of an even sheet of water through 
the soil which is followed by air, thus aerating the roots of plants 
in the soil as well as leaving the soil particles surrounded by water 
films from which the roots can obtain the water they need. 

“ It is a mistake to suppose that drainage carries away all the 
water out of the soil. It only carries off surplus water. The water 
which is held by capillary attraction and water films are retained 
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no matter how much the Land is drained. If the land is not in a well 
drained condition the rain cannot enter the soil further than an 
inch or two, and consequently moat of the rain must flow off the 
surface, carrying with it nearly all the fertilizing properties and also 
a great deal of surface soil and organic matter which has Ijeen weath- 
ered and prepared for plant food, all being lost and carried away in 
streams and rivers. On the other hand, wherever the soil is in a 
good state of drainage most of the rain passes through the surface 
soil leaving behind it the valuable fertility which it carried. This 
water also carries down with it the air which had been occupying 
the vacant spaces between the soil particles,” 

The benefits to be obtained from drainage are wider than even 
this, and it is an agricultural operation which does not always receive 
the attention which it should. One 'aspect of drainage which is 
often lost sight of is its effect upon diseases. Thus “ Red Rust,” 
a disease of tea due to the parasitic growth of aju alga, is due to want 
of drainage to a very large extent. If the soil is drained and the 
root system of the tea deepened the disease disappears. More 
recently the Acting Chief Scientific Officer and the Entomologist 
of the Indian Tea Association have published a report on Tea 
Mosquito Blight, caused by an insect known as Helopeltis, in which 
they point out that an important factor of the disease is the question 
of soil water-logging, and they advise a good drainage system as 
one method of dealing with the pest. 

The handy little book which has been quoted above will be 
found a most useful addition to the library of eveiy agriculturalist, 
setting forth as it does the principles of drainage, and the methods 
which can be adopted to attain it, in a condensed form an.d simple 
language. The author, who is well known for his excellent book on 
“ Indian Tea,” has been most successful m his object of giving a 
summary of points necessary for planters who require scientific 
data on this subject in a condensed and handy form. [R. D. A.] 



NEW BOOKS 

ON AGRICULTURE AND ALLIED SUBJECTS 

1. The Ecological Eelations of Hoots, by Prof. J. E. ‘Weaver. 

Pp. vii-4-128+30. (Washington; Carnegie Institution.) 

2. Agriculture and Farming Business, by 0. H. Benson and 

George Herbert Betts. Pp. xvii+778. (London: Kegan 
Paul, Trench, Trubner & Co., Ltd.) Price, 10s. 6rf. net. 

"3. Introduction to Physical Chemistry, by Prof. James Walker. 
Eighth edition. Pp. xiii+433. (London : Macmillan & Co., 
Ltd.) Price, 16s. net. 

4. The Chemical Chemistry of the Proteins, by T. Brailsford 
Eobertson. (London : Longman, Green & Co.) Price, 26s. 
net. 

6. A Course of Practical Chemistry for Agricultural Students, by 
H. A. D. Neville and L. F. Newman. Vol. II, Pt. I. Pp. 122. 
(Cambridge : At the University Press.) Price, 6s. net. 

6. Commercial Oils ; Vegetable and Animal, with a special reference 

to Oriental Oils, by I. F. Laucks. Pp. viii+138. (London : 
Chapman & Hall.) Price, 6s. net. 

7. Applied Botany, by G. S. M. Ellis. Pp. viii-1-248. (London : 

Hodder & Stoughton.) Price, 45. net. 

8. Elementary Biology, by B. C. Gruenberg. Pp. x-}-628. 

(Boston & London : Grinn & Co.) Price, 7s. net. 

9. Science and Fruit-growing, being an account of the results 

obtained at the Woburn Experimental Fruit Farm since its 
foundation in 1894, by the Duke of Bedford, K.G., F.E.S., 
and Spencer Pickering, M.A., F.E.S. (London : Macmillan 
& Co., Ltd.) Price, 12s. 6(?. net. 

10. E^riments with Plants, by J. B. Philips. Pp. 207. (Oxford : 
At the Clarendon Press.) Price, 3s. net, 
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11 . Applied Chemistry, by Dr. C. K. Tuikler and H. Masters. Vol. I. 

Pp. xii4-292. (London : Crosby Lockwood & Son.) Price, 

12s. 6d. net. 

12. Wonders of Insect Life, by J. H. Crabtree. Pp. vii + 211+ 

32 plates. (London : Gr. Routledgo & Sons.) Price, 6s. net. 

13. Popular Chemical Dictionary, by C. T. Kingzctt. Pp. vi+368. 

(London : Baillifere, Tindall & Cox.) Price, 12s. Qd. net. 

14. A Manual of the Electro-Chemical Treatment of Seeds, by 

C. Mercier. Pp. 134. (London : University of London 
Press.) Price, 3s. 6d. net. 

15. My Five-acre Holding, by M. Few. Pp. 164. (London ; 

Hodder & Stoughton.) Price, 3s. 6d. net. 

16. Mendelism, by R. C. Punnett. Fifth edition. Pp. 215. 

(London: Macmillan & Co., Ltd.) Price, 7s. 6(7. net. 

17. Commercial Poultry Farming, by T. W. Toovoy. Pp. 140. 

(London : Crosby Lockwood & Son.) Price, 7s. Qd,. net. 

The following publications have Ixjen issued by the Imperial 
Department of Agi'iculture in India since our last issue : — 

Memoir. 

1. Studies in the Pollination of Indian Crojis, I, by A. Howard, 
C.I.E., M.A., Gabrielle L. 0. Howard, M.A., and Abdur 
Rahman Khan. (Botanical Series, Vol. X, No. 5.) Price, 
R. 1-4 or 2s. Qd. 


Reports. 

1. Report on the Progress of Agriculture iii India for the year 

1918-19. Price, R. 1-4 or 2s. 

2. Proceedings of the Board of Agriculture in India, held at Pusa 

on the 1st Decenxber, 1919, and following days (with Appen- 
dices). Price, As. 12 or Is. 3d. 
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PUBLICATIONS OF THE IMPERIAL DEPART 
MENT’ OF AGRICULTURE IN INDIA 


TO Bl BAD FROM 

The Offiob of the Aokioultoual Adviser to the Government of India, Pdba, Bihar, 

and from the foUotoing Agenti 


(1) THACKER, SPINK A CO.. Calootta. 

(2) W. NEWMAN A CO., Calcutta. 

(.S) Rai M. C. SARKAR BAHADUR A 
SONS, Calcutta. 

(4) HIGGINBOTHAMS, LTD., Madras. 

(5) THOMPSON A CO., Madras. 

(6) D. B. TARAPORBVALA, SONS A 

CO., Bombay. 


(7) THACKER A CO., LTD., Bombay. 

(8) SUNDER PANDURANG, Bombay. 

(9) Rai Sahib M. GULAB SINGH A 

SONS, Lahore. 

(tO) MANAGER, EDUCATIONAL BOOK 
DEPOT, Nagpur. 


A complete list of the publications of the Imperial Department of 
Agriculture in India can be obtained on application ft*om the 
Agricultural Adviser to the Qovernment of India, Pusa, Bihar, or 
from any of the above-mentioned Agents. 

These publications are 

1. The Agricultural Journod of India. A Journal dealinf? with subjects connected with 
agricultural economics, field and garden crops, economic plants and fruits, soils, manures, 
methods of cultivation, irrigation, climatic conditions, insect pests, fungus diseases, 
co-operative credit, agricultural cattle, farm implements, and other agricultural matters 
in India. Illustrations, including coloured plates, form a prominent feature of the Journal. 
It is edited by the Agricultural Adviser to the Government of India, and is issued once 
every two months or six times a year. Annual SubicripHon^ Rs. 6 or 9f. 6d., including 
postage. Single copy, R. 1-8 or 2f. 

2. Scientific Reports of the Agricultural Research Institute, Pusa (including the Report of 
the Imperial Cotton Specialist). 

3. Annual Report on the Progress of Agriculture in India. 

4. Proceedings of the Board of Agriculture in India. 

5. Proceedings of Sectional Meetings of the Board of Agriculture. 

5, Memoirs of the Imperial Department of Agriculture in India : 

(a) Botanical Series. 

(b) Chemical Series. 

(o) Entomological Series. 

(d) Bacteriological Series. 

(e) Veterinary Series. 

7. Bulletins issued by the Agricultural Research Institute, Pusa. 

A Books. 

The following are the publications of the last two years 

Boientifio Reports of the Agricultural Research Institute and College, Pusa (including the 
Report of the Imperial Cotton Specialist), for the year 1917-18. Price, R. 1-4 or 2#. 



AdRICULtURAL PUBLICAtlON8.->(^ono/(^.) 

Scientific Beports of the Af^ricultural Research Institute, Pusa (including the Beport of the 
Imperial Cotton Specialist), for the year 191849. Price, B. 14 or 2s, 

Beport on the Progress of Agriculture in India for the year 1917-18. Price, B, 1-8 or 2i« 3(i. 

Beport on the Progress of Agriculture in India for the year 1918-19. Price, B. 1-4 or 2i. 

Proceedings of the Board of Agriculture in India, held at Pusa on the 1st December, 1919, and 
following days (with Appondicos), Price, As. 12 or Is, 3d. 

Proceedings of the Second Meeting of Mycological Workers in India, held at Pusa on the 
20th February, 1919, and following days. Price, As. 11 or Is. 

Proceedings of the First Meeting of Agricultural Chemists and Bacteriologists, held at Pusa 
on 24tti February, 1919, and the following days. Price, B. 1 or li. 6d. 

Proceedings of the First Meeting of Veterinary Officers in India, held at Laliore on the 
24th March, 1919, and following days (with Appendices). Price, As. 8 or 9d. 


MEMOIRS OP THE DEPARTMENT OP AGRICULTURE IN INDIA 
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THE SPOTTED OWLET ( ATHENE BRAMA I 


(Anginal ^rtictrsi 


SOME COMMON INDIAN BIRDS. 

No. 3. THE SPOTTED OWLET (ATHENE BRAMA). 


BY 

T. BAINBRIGGE FLETCHER, R.N., F.L.S., F.E.S., F.Z.S., 

Imperial Entomologist ; 

AND 

C. M. INGLIS, M.B.O.U., F.Z.S. 

Of the two score or so of species of owls which are found 
within Indian limits, the Spotted Owlet (Athene hrama) is probably 
at once the commonest and most familiar, as it occurs abundantly 
throughout the Plains of India and Burma (although not found 
in Ceylon) and is in evidence during the early evening often before 
sunset and long before dusk, when most other owls have not yet 
ventured out. It is, moreover, quite a domestic owl, keeping 
especially to trees in cultivated tracts such as gardens around 
houses, and it is commonly found roosting and breeding in the 
roofs of houses where these afford the necessary shelter. It is 
fond of perching on the branch of a tree or on a pole or fence or 
telegraph-wire ; indeed, as Hume remarks, it is one of the birds 
that seem to think that telegraph-wires were erected for their sole 
and especial benefit. It is a decidedly noisy bird, making itself most 
evident to the ear in the evening or early morning, but frequently 
heaxd at interval^duru^ the night, when a legulai volley of 
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chuckles and squeaks is poured forth by one or more of these little 
owlets ; but the noise is not sustained for any length of time. 

In the daytime, like other owls, the Spotted Owlet hides away 
in some dark corner, such as a hole in a tree or wall or in a house- 
roof or even in a bungalow verandah if no better situation offers, 
emerging towards sunset to hunt for prey. As Cunningham remarks, 
it is most diverting to watch them emerging ; one after another, 
before fairly coming out, putting forth its queer little round head 
and staring eyes through the opening of the cavern. After they 
have emerged they usually sit very quietly for a time as though 
only half awake, and arc either perfectly silent or occasionally 
utter a low-toned “ chirrk.” Then, all of a sudden, they begin to 
chuckle and finally break out into a perfect torrent of hoarse chatter- 
ing ; and finally, after having indulged in such exercises for some 
minutes, they spread their short, rounded wings and sail off to their 
night’s hunting. 

However, it does not seem to mind the full blaze and heat 
of the sun, as we have seen it in the early afternoon on a hot April 
day sunning itself with outspread wings on the bare gravel in front 
of the bungalow. A pair which have for years inhabited the bungalow 
of one of us (C. M. I.) may often be seen during the daytime either 
perched on some sambh-ar’s antlers on the verandah wall or else 
flying with undulating flight to a tree in the garden, usually to a 
tamarind tree, and, after staying there a short time, returning to 
their hole. We have also seen them on a drizzly day seated on a 
perch outside, enjoying a shower bath. 

It is one of the birds that hawk termites (white ants, so called) 
along with Hollers, etc. Mr. Stuart Baker wites that they are 
great bat hunters, not catching them on the wing but hauling them 
out of their holes ; but apparently all these owls do not wage war 
against bats and this habit is perhaps local or confined to a few 
individuals. 

It lives chiefly on insects and to a less extent on mice, shrews 
and lizards, its insect prey consisting mostly of beetles and crickets. 
In the case of eight birds examined at Pusa by the late C. W. Mason, 
of 69 insects taken, one was of a^beneficial species, twenty-six were 
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neutral and forty-two were injurious. Hume mentions a case, 
reported by Colonel Butler, in whicli a pair of Spotted Owlets had 
apparently attacked a nesting Paroquet {P. torquatus), killed it 
on the nest and taken possession of this for themselves. As the 
Paroquet is a perfect pest to the agriculturist, we can only wish 
that the Spotted Owlet would act regularly in this way. At Pusa 
this little owl seems to live largely on large crickets {Brachytrypes 
and Gryllotalpa) and on dung-beetles. I'Lere is no doubt that it 
is a most useful bird in all districts where large crickets occur so 
commonly as to do damage. As these crickets are nocturnal, 
retreating into their subterranean burrows during the daytime 
and only emerging to feed under cover of night, their most effective 
jiatural enemies are those, such as the Spotted Owlet, which are 
also nocturnal and which can swoop down and destroy them whilst 
they are feeding above-ground. One commonly sees this little 
owl swoop down from its perch and catch some prey on the ground, 
returning to its perch to devour it, usually to the accompaniment 
of a burst of chattering which is presumably its form of thank- 
offering for a good supper. 

Our Plate gives a good idea of this little owl and the left-hand 
figure shows the terrifying attitude, assumed, after fii.st sitting 
up very erect, by suddenly crouching down and frowning and 
glaring in a terrible way, to frighten any observer or intruder. 

The Spotted Owlet breeds from February to April, the period 
being slightly earlier in the South and later in Northern India, but 
the great majority of birds lay in March, laying usually three, four 
or five white (pink when fresh) eggs in a hole, in a tree or building, 
the nest being scantily lined with a few dry leaves, grass, decayed 
wood, or feathers. We have taken three clutches of three eggs 
each from one nest but even then the birds would not desert their 
nesting site. Incubation evidently starts as soon as the bird lays 
as we have taken at the same time from one nest one young, two 
highly incubated and one perfectly fresh e^. The fluffy young, 
when fledged, are drab-and-white with yellow eyes just like their 
parents and, also like their parents, are exceedingly noisy, each 
member of the family, as Dewar puts it, talking gibberish at the 



238 


AGRICULTUEAL JOURNAL OF INDIA 


[XV, m. 


top of its voice, sixteen to the dozen, and as all will persist in speaking 
at once, the result is a nocturnal chorus that will bear comparison 
with the efforts of the cats which enliven the Londoner’s back 
yard. 

Jerdon, quoting Sykes, writes that “the Mahrattas have a 
superstition regarding this species, and a class of people called 
Pingleh live on the credibility of the people by pretending to consult 
it and predict events.” Jerdon also says that this Owlet is used 
by some shikaris to catch small birds. It is pegged out near a low 
bush, the branches of which have been smeared with bird-lime, 
so that any small birds that come to mob it settle on the bush 
and arc caught on the limed twigs. It is, however, noticeable 
that this owl does not seem to be molested by birds, as other larger 
owls are, probably because it is more at home in daylight and so 
does not attract notice by the blundering flight assumed by other 
owls when they venture out by day. Its flight is indeed far from 
a blundering' one and, in a recent issue of the Bombay Natural 
History Society’s Journal, Mr. G. 0. Allen has called attention 
to its occasional habit of hovering ; this we have also noticed 
at times and it is probably assumed when watching some small prey 
which has emerged from its burrow. 



THE POSSIBILITIES OF AGRICULTURE IN INDIA 
WITHIN THE NEXT TWENTY YEARS.* 


BY 

D. CLOUSTON, C.I.E., M A., B.Sc., 

Director oj Agriculture, Central Provinces and Be ar. 

I HAVE to extend to you a hearty welcome to this meeting 
of the Agriculture and AppHed Botany Section of the Indian Science 
Congress. I very much appreciate the honour of being asked 
to preside over this section. The subject on which I am to address 
you is one which will, I trust, be of interest to many here ; for most 
of us are beginning to realize how potent a factor science is in the 
development of India’s greatest industry — agriculture. 

It has been said that in the career of a department, as in the 
life of a man, there arc stages from which it is appropriate to take a 
glance backward and to contemplate the outlook of the future. 
Prophesy being the role of science, I am to play the part of a prophet 
on this occasion in so far as I shall, in the light of the progress already 
made in developing agriculture in India, try to give some indication 
of the rate of advancement to be looked for in future. 

At the present stage of advancement a study of the history 
of agricultural development in England, where many of the diffi- 
culties were experienced which we are up against in India to-day, 
may prove helpful. Till the latter part of the eighteenth century 
the agricultural unit in Great Britain was the village with its scattered 
holdings, common grazing grounds, half-starved cattle and poor 
crops resulting from bad cultivation, which are so characteristic 
of many parts of India at the present day. Many improvements 


* Presidential Address to the Agricultural Section of the Sevouth Indian Science Congress, 
Nagpur, 1920. 
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liad been introduced before that time ; the more enterprising 
farmers had learnt, for example, how to grow turnips, clover, artificial 
grasses and other fodder crops, how to avoid the need of fallows 
by adopting suitable rotations, and how to grow crops in line by 
using seed drills for sowing and hoes for interculture. These improve- 
ments were, however, not generally adopted for many years because 
of the difficulty of protecting such fodder crops in villages which 
had not been enclosed. 

The Napoleonic wars and the rapid development of our manu- 
facturing industries in the latter years of the eighteenth century 
and the early part of the nineteenth gave a great impetus to TUnglis li 
agriculture by forcing up prices of farm produce. High prices, coupled 
with a rise in the cost of labour, encouraged the use of labour-saving 
ai)pliances and the production of larger acreage outturns. The open 
field system of scattered holdings with its bad cultivation which 
resulted therefrom began to give way slowly before economic 
pressure and the more intensive methods of farming which began 
to be adopted by the leading “ gentlemen ” farmers of the land. 
Consolidated holdings were fenced and the cultivation of turnips, 
clover and other new crops, which were to revolutionize farming, 
were taken up on a larger scale than ever before. Progress, however, 
was not so rapid as it might have been, as most of our English 
farmers of this period, like their lathers before them, stuck to their 
empirical methods based on old use and wont ; for there was as yet 
no science of agriculture which could be applied to the solution 
of its manifold problems. Such advancement as was made in 
those days can be directly attributed to the interest taken in im- 
proved husbandry by men like Jetlixo Tull, Bakewell, Lord Town- 
send and Arthur Young who, though not themselves scientists in 
our sense of the term, possessed the scientific habit of mind which 
they brought to bear on the agricultural problems of the day. 

Science began to be applied systematically to the development 
of the agricultural resources of England about the middle of the 
nineteenth century, and with very beneficial results. By better breed- 
ing and better feeding, her breeds of cattle, sheep and horses were 
improved out of all resemblance to their progenitors ; Great Britain 
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became the world’s stud farm. Labour-saving machinery and 
better methods of cultivation were rapidly introduced and improved 
strains of seed raised. More attention was given to the improve- 
ment of the soil by drainage and manuring, to the protection of crops 
from cattle, and to the better housing of live stock. As a result of 
the improvements effected, the acreage yield of the staple crops and 
the average weight of cattle and sheep were more than doubled. 
These and other improvements introduced in the latter half of the 
last century have added largely to the material welfare of the 
English farmer. Development would have been much more rapid 
however, had her statesmen fully realized the enormous possibilities 
there were of agriculture being benefited by experiment and research. 
For the splendid progress that was made we are largely indebted 
to the great work done by scientists like Lawes and Gilbert ; to 
enterprising seedsmen like Garton and Sutton ; to the ingenuity of 
manufacturing firms which vied with each other in designing machi- 
nery suitable for the farm ; and to the fine example of the larger 
farmers who were in a position to utilize to the full the moderji 
developments of organization and scientific knowledge. 

As a result of the exigencies of the great war now happily 
ended, scientific enquiry in all branches of industry has, since 1 91 4, 
been stimulated to an extraordinary extent. Never before has the 
value of agricultural science had such recognition. Statesmen and 
the public generally have come to realize the paramount importance 
of providing for the endowment of work coimected with the develop- 
ment of agriculture on a scale commensurate with its great imj)or- 
tance, because they now see, as they never' did before, that “the 
countries which have made the greatest progress and which obtain 
from their soil the highest returns are those Avhich have increased 
their research institutions.” Denmark was obliged to do so after 
her defeat by Germany in 1863, and has, as the result, been able to 
increase the acreage outturns of her staple crops by 24 per cent, 
in the short space of a little over 50 years. Germany, foreseeing 
the possibility of being blockaded by the British fleet in the event 
of a war with our country, had, for 40 years previous to the outbreak 
of war, been studiously organizing her institutions for experiment and 
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research in agriculture, with the result that, when war broke out, 
her resisting power came as a most unwelcome surprise to the allies, 
who had hoped to sap her strength by starvation. 

Let us now consider the position of agriculture in India and the 
possibility of our benefiting from the experience gained in other 
countries. The economic conditions which obtain at the present 
time in India resemble in many respects those which stimulated 
agriculture in England in the early part of the nineteenth century. A 
great war has again forced up the prices of farm produce to an abnor- 
mal figure. The industries of this country are being developed 
with phenomenal rapidity. The cost of farm labour is rising and 
will continue to rise, for the new industries will continue to draw 
workers from rural areas. If they are to take full advantage of the 
golden opportunities which are now offered them, landholders in this 
country will have to use labour-saving machinery on a much larger 
3cal(' than formerly, and they will be obliged to adopt more intensive 
methods of cultivation all round, involving manuring and irrigation 
on a large scale. So long as prices remain at their present high 
level intensive cultivation will pay handsomely. Manm’es, for 
instance, which were applied at a loss five years ago, can now be 
applied at a handsome profit. The present favourable position of 
the market for agricultural produce marks, in short, the beginning 
of an era of prosperity for the cultivator it he will but take advantage 
of his opportunities. He will have, however, to re-adjust in many 
ways his system of agriculture. To be successful he will have to 
put more brains, energy and capital into his work ; and in this 
we hope that the larger lai>downers will, like the “ gentlemen ” 
farmers of England of days of yore, take the lead in restripping and 
consolidating their holdings, and in developing the capacities 
of their owji estates. It will be the duty of the department of 
agriculture to play its part by placing at their disposal the best 
possible scientific and practical advice, and in the shortest possible 
time. I am confident that the Government of this country will 
play its part well, and that the laissez-jmre policy, formerly adopted 
to the detriment of agricultural development in some countries 
in the 'West, will not be followed by statesmen in India. 
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Of the value of the work accomplished by the Department 
of Agriculture in India within the last 13 or 14 years the Indian 
Industrial Commission has written as follows : — “ The striking 
financial results which followed quickly and directly after the 
employment, from about 1905, of scientific specialists in agricultural 
research, demonstrate the wisdom of investing in modern science.” 
This is the unbiassed opinion of a body of men who had considerable 
opportunities of studying the facts on which they based their 
conclusions. The work which the department has already accom- 
plished is undoubtedly adding annually to the farming profits of the 
country a sum which exceeds its total annual expenditure many 
times over. The rate of advance, moreover, is likely to be very 
much greater in the near future than it has been in the past ; for 
we now have a background of exact knowledge available which 
gives us a most useful basis for future progress. We have behind 
us, moreover, an enlightened government which has set its seal of 
approval on the work already accomplished, and which has deter- 
mined to make ample provision for further expansion. 

I The achievement which has perhaps appealed most to the 
public is the introduction of superior varieties and strains of seed 
of the principal staple crops. To take only three of these, namely, 
cotton, wheat and rice, there is reason to believe that approximately 
two and a half million acres of improved varieties of cotton, and one 
each of wheat and rice, are already being grown. If the extra 
annual profit accruing from the cultivation of these were only two 
rupees per acre even, it would mean in the aggregate a total extra 
profit of approximately 90 lakhs of rupees, which far exceeds the 
total aimual expenditure on aU the departments of agriculture in 
India ; but the actual extra profit from the introduction of improved 
varieties of these three crops is at least four times the amomit 
which I have stated. This, moreover, is only a fraction of what 
has already been achieved, for the activities of the department now 
extend over a wide field including not only crop improvements, 
but the introduction of better and more intensive methods of culti- 
vation all round. The introduction of a one per cent, improvement 
here and of a two per cent, improvement there is, in the aggregate, 
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adding largely to the wealth of the cultivator, and ia fitting him for 
further progress. It ia evident from what has already been accom- 
plished that the department should, within twenty years, be in a 
position to introduce improvements which will add many crorea of 
rupees annually to the farming profits of the cultivators. 

The extent to which future progress can be guaranteed will 
very largely depend on the measures adopted by the Government 
of this country to secure an adequate staff of first class specialists 
in agriculture and the sciences allied thereto. We want the very 
beat brains which the universities of the West can turn out, to 
help in the solution of India’s agricultural problems, and to help 
in training Indiana for this great work. Nor should time be wasted 
in getting these, for to train research men and original experimenters 
effectively takes many years, and such men even when fully trained 
cannot reasonably be expected to produce results till after years of 
careful investigation as a rule. Owing to the present shortage 
of staff our work is being carried on imder great difficulties, and 
progress is retarded thereby. The value of the improvements already 
effected by a small staff has no doubt been surprisingly great ; but 
let us not forget that up to the present we have tackled only the 
most obvious lines of improvement. We have merely scratched 
the surface so to speak ; for the new knowledge which is to add 
tangibly to the profits of the cultivator we shall have to dig deeper. 
We have not as yet, for instance, given much attention to the 
question of cattle improvement by better feeding and breeding. 
Personally I am of opiirion that this is one of our most hopeful fields 
of investigation, and I am confident that wonderful improvements 
can and will be effected within the next twenty years. 

Much has already been accomplished in the way of improving 
the staple crops of the country by selection and hybridization, 
and this has paved the way for further improvements by better 
tillage methods and manuring : but for better cultivation we require 
better implements. Some thousands of improved ploughs, cane 
mills and other implements are now in use in rural India ; but the 
existing demand is, I am sure, a mere fraction of what it will be in the 
near future. It ia the duty of the department to see that this growing 
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demand is met satisfactorily. It is its duty, too, to assist 
manufacturers in devising suitable implements ; to induce agri- 
cultural associations and unions to start depots for the demonstration, 
sale, hire and repair of types suitable for the tract for which they are 
required ; and to assist purchasers in setting up plants, if necessary. 
But here again we are at present handicapped for "^^^ant of a staff of 
specialists. Some provinces have not yet obtained the services 
of an Agricultural Engineer, with the result that duties which 
ordinarily fall to such an expert are entrusted to Deputy Directors, 
very few of whom have had any training in mechanical engineering. 
We urgently require for each province an Agricultural Engineer 
to help to devise and set up improved types of agricultural machinery ; 
and we want to get implements of the type required manufactured 
on a large scale in this country. 

Much of the cultivated land in India has almost reached the 
maximum state of impoverishment ; a great part of the cattle 
manure, which ought to go back to it, is burnt as fuel ; and other 
available manures have not yet been used extensively. Indian 
soils over large areas have thus been starved for centuries, and are 
hungry, and therefore very responsive to manuring. It is largely 
due to the judicious application of water and manure that the 
crops obtained on Government farms are so much better as a rule 
than those of cultivators in adjoining villages. The testing of green 
nxanures, oilcakes, bones, fish, mineral manures, etc., and the 
study of their relation to bacterial life in the soil have been started. 
The results already obtained indicate the great need there is of 
inducing the cultivator to do everything in his power to conserve 
his farmyard manure, and to supplement it by using other available 
manures such as bones, oilcakes and green manures. In this the 
department can, and is giving him valuable assistance by advising 
him as to the kinds and quantities to apply, and by helping him to 
organize depots for the sale of manures which can be used economi- 
cally. It can assist, too, in establishing fuel reserves for the supply of 
fuel to villages ; for want of such reserves cultivators over the greater 
part of India are compelled under existing conditions to use the dung of 
their cattle for fuel. There is no other course open to them at present. 
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The damage done annually to our staple crops by fungal 
diseases and insect pests is enormous. Here again we have a 
promising field of investigation which, for want of staff, we have 
not as yet been able to explore at all fully. Much has been done no 
doubt in the way of studying the life-histories of these diseases and 
pests ; but with,«the limited knowledge at our disposal we are not 
yet in a position to recommend remedial measures except in a 
very few cases. 

The conditions for fruit-growing in India are moat favourable, 
and the subject is now beginning to get some attention from the 
department ; but here again for want of experts in fruit-growing 
the work is at present relegated to men who have no special know- 
I ledge of the subject. The whole field of agriculture, in short, is still 
bristling with unsolved problems, which cannot be investigated 
effectively for want of trained specialists iji the different branches 
of agricultural science uivolved. 

The degree of specialization and of intensive concentration 
required for sound research in the different sections of the depart- 
ment is not possible at present. The circle of the average Deputy 
Director of Agriculture, for example, is so large and his duties so 
manifold that he can devote only a small fraction of his time to 
experim '^nt ai'd research without which real progress is impossible. 
From the results already obtained by our botanical experts, who 
have devoted attention to the improvement of the staple crops, 
there is but little doubt that it would pay handsomely to employ 
in each province a sufficient number of first class botanists to deal 
with all the more important crops ; and the number of crops allotted 
to any one man should not ordinarily exceed two. There are 
undoubtedly problems enough in each province to occupy the whole 
time of several such men. To put one man in charge of more work 
than he can do efficiently is, in short, false economy, and this applies 
not only to Deputy Directors and Botanists, but to other experts 
as well. In every section the men employed are too much distracted 
at present by the great variety of problems which they have to 
tackle. So long as we are understaffed, moreover, it will be im- 
possible for experts to give their assistants the specialized training 
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wHcli is so necessary in the interest of efficiency. Farm Superin- 
tendents should, for example, be trained in experimentation, plant 
improvement and other lines of work entrusted to them before they 
are put in charge of experimental stations ; and the men to be put 
in charge of demonstration and organization work should similarly 
be specially selected and trained for that class of work. 

If We neglect to make adequate provision for experiment and 
research, we shall sooner or later find ourselves in the position of 
having nothing new to teach the cultivator ; if given an efficient 
staff on the other hand, there is reason to believe that it will become 
increasingly easy to get him to adopt our teaching ; for as a result 
of the work which the department has already accomplished his 
confidence has been gained to some extent, and he is now more 
willing than ever he was to make use of new ideas. To get that 
teaching adopted in the shortest possible time, we shall require 
many more government farms, and a more complete district organi- 
zation, including taluq agricultural associations and unions, working 
under the guidance of the department. Each taluq or tahsil of a 
province should have its own government farm to which cultivators 
could come for help and advice. From these farms they would 
get their supplies of improved seeds, manures and implements ; 
and agricultural literature of interest to them might also be stocked 
there. The taluq farm would be the centre for the meetings of 
the taluq agricultural association and for agricultural shows. It 
would be the centre, too, for agricultural education. Each farm 
might have its own agricultural school where the sons of landholders 
could be trained in the practice and principles of agriculture. The 
villages of the taluq might be divided into groups of ten or more, 
each group constituting an agricultural union which might have its 
own co-operative shop or depot for the supply of seeds, implements, 
manures, agricultural literature, etc. The taluq agricultural associa- 
tion would consist of the office-bearers of these agricultural unions, 
while the members of the agricultural union would be the representa- 
tives of the ten or more villages included in the union. These 
unions would arrange for the sale and hire of implements in the 
villages and for the sale and distribution of other articles stocked 
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in their dep6t8. Each village of a union might have its own seed 
farms, its own stud bull or bulls, and its own fuel reserve. To 
control this organization efficiently it would be necessary to have a 
managing committee for each district with the Deputy Commissioner 
as chairman and the Deputy Director of Agriculture as agricultural 
adviser. The non-official members of the committee might consist 
of representatives elected every year by the taluq associations. 
The duty of the committee would be to define the policy to be 
followed by the taluq associations and unions controlled by them, 
and to allot funds for the demonstration work earned out by the 
unions. In order to provide money for this work each union could 
be called upon to contribute part of its profits to a general fund. 
District and taluq agricultural agencies organized in this way 
would be the medium through which legislative measures for the 
advancement of agriculture and the amelioration of the people 
would be carried out. Through these agencies one or more model 
villages with consolidated holdings, sanitary houses, schools, trim 
fences and serviceable roads could be laid out and run as object- 
lessons for the whole taluq. A system of demonstration and co- 
operation run on these lirzes would, I believe, help to break down 
the barriers which at present stand in the way of progress. 

In conclusion, I would ask whether it is too much to expect 
that within twenty years the department if adequately staffed will, by 
patient, concentrated, and intensive investigation, have accumulated 
a body of knowledge in every branch of agriculture which may 
benefit India to the extent of many crores of rupees annually. 
And is it too much to expect that, by working with and through 
the people, it will be possible to get them to apply that knowledge ? 
In the past the department has had its successes and its failures, 
but its successes have been far greater than Provincial Governments 
ever anticipated. An era of still greater accomplishment lies ahead 
of us. Our successes of the future will, I am confident, surpass our 
highest expectations. The great task of reconstruction which lies 
before us is well worth all the energy and brains we can put into it ; 
for on the development of her agriculture depends not only the 
prosperity of India’s many miUions of agriculturists, but to a great 



POSSIBILITIES OP AGRICULTURE IN INDIA 


249 


extent the lot of those engaged in other industries dependent on 
agriculture. Increased production will help to banish famine and 
poverty from the land, and to bring us near the realization of our 
hope, namely, to make India “ a garden ringing with cheeiful and 
contented life, with smiling fields and food in plenty.” 
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About a month ago I received from the Secretaries of this 
Congress the invitation to take the place of Professor Fyaon of 
Madras as Chairman of the Botany Section. You will, I am sure, 
join me in expressing our deep regret that Professor Fyson is 
prevented by ill-health from joining us. We miss him, and we miss 
his address, but we hope that on some future occasion we shall 
have the pleasure and instruction which a pronouncement by 
him is sure to afford. Meanwhile, we wish his speedy return to 
health. 

L\ the very short time at my disposal I have attempted to put 
together a few thoughts on “ Some Aspects of Plant Genetics.” 
The scientific study of plant genetics is not of very ancient date, 
and, in this country, the work done is still of moderate dimensions. 
There is, therefore, some possibility of taking stock of our achieve- 
ments and of estimating future progress in this branch of botanical 
science. 

I am not forgetful that this is the section of pure botany, and 
that matters affecting agriculture and applied botany are dealt 
with by another section of this Congress. But I myself, in my pro- 
fessional capacity, am somewhat of a hybrid between a, pure and 
an applied botanist, an Fj hybrid, if one might so express it, with 
applied botany partially dominant^ I trust that the partially 

♦Presidential Address to the Botany Section of the Seventh Indian Science Congress, 
Nagpur, 1920. 
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recessive character of pure botany may in this address be a little 
in evidence, even if tinged and modified by the stronger allelomorph. 
In this connection I would quote the following words ^ of Professor 
John M. Coulter at the Baltimore meeting last year of the American 
Association for the Advancement of Science : 

“ In the days ahead, the botanist who remains narrow will bo 
stranded. We must recognize in every field of botany an important 
factor in the solution of problems. A man is expected to think 
his own field the most important, but if he thinks other fields im- 
important, he has blocked his own progress and is bound to move 
in ever narrowing circles. One of the demands upon us, therefore, 
is to cultivate the synthetic attitude of mind ; to develop about 
our own specialty a penumbra of the botanical perspective. In 
other words, botanists must cease to be provincial, they must 
not be citizens merely of one small group, with no larger contacts, 
but citizens in the world of science. We must not remain persis- 
tently in the narrow valley in which our work lies, but we must 
get on to the mountain top often enough to realize the perspective. 

“ The new opportunity demands this ; in fact, it was this that 
created the new opportunity. This means that we are to see to 
it that botany is recognized as the greatest field for universal service. 
Medicine holds that opiiaion now in public estimation, simply 
because it ministers to the unfortunate, but they are in the minority. 
Botanical research underlies an essential ministry to all. Disarti- 
culation of botany from its practical applications has been moat 
unfortunate and must not be continued. What we have failed 
to do is to establish the contacts between science and practice, 
to indicate the possibilities of every advance in knowledge in the 
way of public service. 

“ This is very far from meaning that every investigation should 
have an obvious practical application. Kesearch must be absolutely 
free, stimulated only by its interest in advancing knowledge, but the 
importance of fundamental knowledge in solving practical problems 
should be emphasized at every opportunity.” 


* Seience, Apiil IS, 1919, pp. 304-306. 
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Do not, I pray you, take these words which I have quoted as a 
criticism. I pass them on to you as a stimulus to that broad scien- 
tific scholarship and healthy co-operation which iix these specialist 
days is all the more necessary. And I would also remind you that 
while the specialist brings the nxaterial, it is the scientist of larger 
outlook who can from special facts build xip those generalizations 
that give coherence, meaning and power to our knowledge. Different 
men have different talents, one may be an ideal investigator and 
another an ideal intei-preter; but the investigator will be none the 
worse of a knowledge of what is going on in branches other than 
his own, nay, he will bring his rough material at least a little hewn 
and squared for the final building. 

Plant genetics (or the study of heredity in plants) is one of 
those subjects in which fundamental scientific truths discovered 
or in process of discovery by pure scientific workers have been of 
immediate value in their practical application. It is, however, 
the case that the progress of research in genetics is in advance 
of the degree of use to which the truths discovered can be put. 
There is no fear of genetics degenerating into a mere mechanical 
art, if such there be. Again, it must be remembered that nxuch of 
the earlier material for the study of genetics came from the records 
and experiments (crude though both were) of men who were not 
scientists, but practical breeders. Genetics, therefore, is one of 
those branches of science where, if aixywhere, there should exist 
the most understanding aixd cordial co-operation between the 
pure and the applied scientific workers. 

Let us look for a little at the historical aspect of plant genetics. 
I do not propose to repeat in detail facts which are so well put in the 
various histories of botany now available. The citation of a few 
names will serve to recall to you the general trend of work in the 
past. Previous to or contemporaneous with Mendel (whose main 
work, you recollect, was published in the middle of the nineteenth 
century) we have among practical breeders Van Mons of Louvain, 
who originated many varieties of pears ; Knight of Britain, also a 
horticulturist ; Shirreff, a Lothian farmer and originator of valuable 
varieties of cereal crops; Cooper, an American and a discoverer 
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of the benefit of selection as against mere “ change of seed.” Among 
pure scientists I may cite the names of the hybridists Kolxeuter 
and G-artner, assiduous experimenters ; Charles Darwin, than whom 
no more painstaking or successful compiler of information ever 
existed ; and lastly Mendel himself. With the re-discovery of 
Mendel’s work and the fact of its standing the test of repeated 
experiments began the new era in the study of heredity. The term 
Genetics, happily devised by Bateson, is now applied to this jiew 
branch of biological science. Bateson, Punnett, Biffen, the lamented 
Darbisbire and others have built up this branch of the science in 
Britain. America provides a legion of enthusiastu; workers whose 
productions bid fair to outstrip those of any other nation. On the 
(continent there are many pioizeer and famous workers whose names 
are household words wherever biology is studied. A glance at the 
membership of the International Conference of Genetics will refresh 
your memory. In India such work as has been done in plant gene" 
tics has been mainly (but not entirely) due to the botanists of the 
Department of Agriculture. There is no reason, however, why such 
work should be confined to them, and every reason against it. On 
account of their being members of an agricultural department their 
work on genetics is naturally confined to plants of economic impor- 
tance. There are thousands of other plants presenting new and 
fascinating genetic problems that would amply repay the research 
of those who are not bound to deal only with agricultiiral plants- 
And, again, there is no reason why botanists of the department of 
agriculture should not welcome co-operation in the study of agricul- 
tural plants from those not in the department. Professor Fyson ^ 
some tin\e ago published a useful paper on heredity on cotton, 
and I propose in a later part of this paper to put before you some 
problems in which I believe all can lend a hand. From the side of 
practical usefulness, or from the side of the search for fundamental 
truth, there is a large field in India forgenetical investigation. We 
have the added advantage of being able to grow in the open air many 
plants that can live only iii glasshouses in Britain and most parts 

^ Fyson, P. F. Afetmirs of the Dept, of Agriculture in India^ Botanical SerieM^ Vol, II, 

No. 0. 
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of America and the Continent, and therefore a great incentive to the 
study of such plants. 

An additional reason for the study of plant heredity experiment- 
ally by non-agricultural botanists is the fact that the subject of 
heredity in plants and animals now figures in the science syllabus of 
most of the Indian Universities. Actual material is necessary for the 
instruction of the strident and the enlightenment of the teacher. 

This brings me to the second aspect of plant genetics with 
which I desire to deal, namely, its educational aspect. At this 
stage in the world’s progress and in the progress of India, it is surely 
unnecessary for me to insist on the desirability of training in science 
as an essential part of all jiucation. Yet old prejudices die slowly. 
The eloquent words of ^ put the matter concisely, and are 

worth requoting : they serKI||ice again to bring before us the main 
end that the study of plaaiv iPnetics and of other sciences ought to 
serve in education. 

“ Yet it is a very plain and elementary truth that the life, 
the fortrme, and the happiness of every one of us, and more or 
less of those who are connected with us, do depend upon our knorving 
something of the rules of a game infinitely more difficult and com- 
plicated than chess. It is a game which has been played for untold 
ages, every man and woman of us being one of the two players 
in a game of his or her own. The chessboard is the world, the 
pieces are the phenomena of the rmiverse, the rules of the game 
are what wc call the laws of Nature. The player on the other side 
is hidden from us. We know that his play is always fair, just and 
patient. But also we know, to our cost, that he never overlooks a 
mistake, or makes the smallest allowance for ignorance. To the 
man who plays well, the highest stakes are paid, with that sort of 
overflowing generosity with which the strong shows delight in 
strength. And one who plays ill- is checkmated — ^without haste, 
but without remorse. 

“ My metaphor will remind some of you of the famous picture 
in which Rctzsch has depicted Sataij||piaying at chess with ma.T\ 

_i_ 

* Huxley, T. H. Lay Sermons, Essays and 1^0, pp. 36-37, 
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for his soul. Substitute for the mocking fiend in that picture a 
calm, strong angel who is playing for love, as we say, and would 
rather lose than win — and I should accept it as an image of human 
life. 

“ Well, what I mean by education is learning the rules of this 
mighty game. In other words, education is the instruction of the 
intellect in the laws of Nature, under which name I include not 
merely things and forces, but men and their ways ; and the fashion- 
ing of the affections and the will into an earnest and loving 
desire to move in liarmony with those laws. For me, education 
means neither more nor less than this. Anything which professes 
to call itself education must be tried by this standard, and if 
it fails to stand the test, 1 will not call it education, whatever 
may be the force of authority or of numbers upon the other 
side.” 

It behoves us botanists, as enthusiastic believers in this doctrine, 
to push it at every opportunity. In our capacity as teachers, mem- 
bers of the governing body of a college or a university, or merely as 
private citizens we should do our best at every turn to get this idea 
worked into the fabric of Indian education which still suffers from 
the very faults against which Huxley inveighed. We desire above all 
things firmly to establish in the human mind that belief in causation, 
the inevitable chain of events, that makes a man free of superstition, 
able to weigh evidence and arguments, and amenable to reason. 
Such characters make for good citizenship and for personal and 
business morality. I would not weary you with quotations, but I 
would commend to your attention the very full treatmeiit of this 
matter given by Karl Pearson, himself a geneticist, in the first 
chapter of his “ Granmiar of Science.” The study of genetics is of 
value also as an introduction to sociology. Eugenics is the genetics 
of the human race. In genetics of plant or animal, problems of 
heredity and environment meet the student at every turn and the 
methods of attacking these are of use in his further work in sociology 
and eugenics. We desire, therefore, for these reasons to broaden 
the circle of those who appreciate genetic laws, and this can be done 
only if genetics forms a part of education. 
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I am not prepared to give a dogmatic opinion as to the stage at 
which, genetics should be introduced into education, but I would 
observe that a teacher, himself trained in genetics, will be able in 
the course of an ordinary school Nature-study course to lead his 
pupils to observe some of the salient facta of heredity and environ- 
ment. Caution and tact are, of course, essential. It will not do 
at all if we fiiid the said teacher expounding Mendelian ratios to 
his bewildered class. But there are many facts of variation, a great 
many of adaptation, and a certain number of inheritance that can 
be quite well employed. 

In our college and imiversity courses the matter should be dealt 
with as fully as possible, and that “ possible ” can be very full 
indeed. This can only be, however, if the college or miiversity is 
provided with some place where plants can be multiplied, reared aiul 
observed in successive generations. A sine qua nan of a modern 
botanical installation ought to be a breeding garden including a 
plant house for plants that need protection, and if no other space 
is available, soiiie pai-t of the existing botanical garden should be 
given up to this purpose. I’lie teacher must, of course, be able to 
groAV his ])]a}its successfully. Although he may not be much of a 
gardener to begin with, the failures of one season will help him in 
the next, ai^d it will not be long before he can grow anything with 
roots, and teach his students to do the same. 

As tme who has had a little experience in the teaching of pla.)\t 
genetics as i^art of a college course, I may be }>ermitted to nidicate 
one or two important points and some difficulties in this teaching. 

For the study of variation we are surromided by endless material. 
Idle leaves of the fig, mulberry and other trees give us examples of 
extreme leaf variation in the same tree. Any field of an annual 
crop will pro^dde material for the study of variation between indivi- 
dual plants in height, colour, productiveness, etc. The students 
should weigh or measure a series of natural objects and the total 
results of the w'ork of the class can be put together and plotted to 
show tli(' frequency curve. Seed of extreme and mediocre samples 
from sell-fertilized plants can be saved for the study of the next 
generation. Without some such practical introduction I have 
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found it difficult to get men to imderstaud the curve of frequency 
and, aa its explanation must necessarily come very early in the 
whole subject of genetics, inability to grasp its significance means 
disheartenment and cessation of interest and progress. I am 
inclined to think that the more mathematical part of plant genetics 
should be left to a little later in the programme. If too much 
of this is given at the start the student is both frightened and bored . 
He asked for plant genetics, and behold mathematics. After some 
of the more interesting work we can again recur to the mathematical 
aspect and the student will be more able and willing to deal with it. 

A keen look-out should be kept for mutants, so that students 
may see actual examples of these. Unless one knows the pedigree 
of a given culture, one cannot, of course, say that a given aberrant 
plant is a mutant, but aberrant plants found in otherwise homo- 
geneous cultures where vicinism is unlikely may be called mutants 
unless their posterity shows otherwise. Ornamental garden annuals 
are the last material to b(^ used for this study as they are the result 
of lojig processes that probably included crossing and hence an 
aberrant plant may be merely the result of a heterozygote splitting. 

The study of natural self-pollination and cross-pollination 
can be carried out with ease on any large-flowered plant. The 
Malvacea) present an admirable series for this purpose. I would 
solicit your attention to the admirable teaching material that nxay 
be extracted from certain memoirs of the agricultural department 
dealing with this subject. 

Plants of the Malvace* and plants of the Leguminosa) can be 
used for hybridization practice and to illustrate tht' law of Mendel. 
It is, of course, necessary to be sure that one is dealing with pure 
homozygous parents, and this can only be ascertained if one breeds 
the plants for at least a generation from self -fertilized seed. 

Maize offers many interesting and easily demonstrable points. 
There is also a large literature about the genetics of maize. In 
maize, crosses between plants with different endosperm show the 
xenia effect in the cob of the female parent and the selfed Fi plant 
will show the Mendelian ratio in its cob. A cob with many types 
of seed on it, not an uncommon phenomenon, offers an excellent 
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starting point for the isolation of its constituent races. The only 
difficulty about maize is its tendency to degenerate when repeatedly 
self -fertilized. Its great advantage, in addition to those mentioned, 
is the great number of generations that can be crammed into one 
year. In the dry season the plants need a very heavy manuring to 
prevent premature flowering and perhaps the failure to form female 
inflorescences. 

For the expounding in the lecture room of Mendel’s law and its 
efiects various devices have been invented. Here is one that I have 
been instrumental in introducing. The apparatus is two packs of 
ordinaiy playing cards. These are familiar objects to the students, 
and their appearance on the lecture table of a staid professor excites 
a certain amount of amusement and the necessary interest. The 
black and red are supposed to be the allelomorphic pair, black being 
dominant to red. The union of a black and red gamete is easily 
shown and the character of the Fi hybrid is shown by a black card 
hiding a red one. The gametes of the Fj hybrid are represented by 
a pack each. One pack being the female and the other the male 
gametes. The essential part of the demonstration is the very 
thorough shuffling of each pack. I usually get three students in 
succession to shuffle each pack. In fact I let the students carry 
through the whole thing so as to avoid any appearance of any 
other agency than chance. One card is then taken from each 
pack and each pair is classed under one of four heads Black-Black, 
Red-Red, Black -Red, Red-Black. In theory there ought to be 13 
under each head. This fairly often comes out. If it does not, 
one has an excellent opportunity for exj)lainmg the nature of chance, 
and showing how with a larger number there is a greater likelihood 
of gaining the theoretical ratio. Coloured counters or beads may be 
similarly used. The mating of plants differing in two pairs of 
allelomorphs can be worked out by using beads differing in colour 
and in shape, tied together in the appropriate pairs. These may 
then be mixed in a bag and brought out in a manner similar to that 
used for dealing with one pair of allelomorphs. 

An interesting method of explaining Mendehan phenomena as 
distinct from demonstrating them is that described by Professor 
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Loye Holmes Miller^ of the State Normal School, Los Angeles, 
California. He reasons thus : 

“ Practically every high school graduate has had at least a 
year of algebra and has learned by rote the square of a h. 
Whether or not he remembers that a® + 2ah + 6* represents all the 
possible combinations of the two factors, he is in a position to be 
reminded of that fact and to take the first short step into the unfami- 
liar. If a and b represent the two types of gametes produced by the 
heterozygous parents Fi, then o* -j- 2a6 -j- 6® represents all the 
possible progeny in the Fo generation. Factors of second power 
represent pure strains, because the determiner is the same from both 
parents. Conversely, factors of the first power represent hetero- 
zygotes or the union of unlike determiners. 

“ The greatest service of the method apjiears when the two 
sets of allelomorphs arc combined. The student has learned to 
multiply + 2db -\- by the expression -f 2xy + y^. He will 
perform the operation as one familiar to him and he can readily 
be taught to recognize the four pure strains x^, y^, b^ x^, ¥ y^. 

Suppose a and y represent the dominant characters and b and 
X the reccssives, emphasizing the fact that the dominant is effective 
whether appearing as a fii’st or as the second power. Suppose a 
represent tallness and y rejn-esent red flower in a plant. Gatherhig 
the results of the multiplication accorduig to visible attributes 
we have four columns representing the Mendelian ratio 9 : 3 : 3 : 1 . 


Tall rod 

Tall white 

Dwarf red 

Dwarf white 

2 sfixy 

4 abxy 

2 aby** 
a-*ya 

a^x^ 

2 abx^ 

h'Y 

2 b^xy 

hV 

9 

3 

3 

1 


This is only one of many devices all alike fundamentally, but it has 
the great value of utilizing a familiar process. Many times I have 
seen it clear up a badly fogged situation. It is worth trying on the 
discouraged pupil at any rate.” 


^ Hcience, February 7» 1019» pp. 148-149* 
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I believe it to be an excellent method to have large scale pictorial 
records of the progeny of a selection or a cross through several 
generations and hang them on the wall of the genetics laboratory. 

Practical work in a genetics course must obviously run for two 
years and must involve the study of variation, the isolation of types, 
the selection of plants and the study of their progeny, the technique 
of hybridization, the study of the progeny of hybrids, and the 
methods of recording breeding work. 

Much observation of a completely new type can be done on 
floral mechanism and floral physiology. The observation of the time 
of opening of flowers, timeof anthesis, time of ripening of the stigma, 
fertility and longevity of pollen, period between pollination and 
signs of fertilization, etc., afford admirable educational discipline. 
The observation of the opening times of some flowers may involve 
getting up once or twice during the night, and this should not be 
shirked by advanced students. 

For students who intend to present an M.8c. thesis I caji imagine 
no more fertile subject than plant genetics, provided the material is 
carefully chosen and the work well guided. 

We are now fortunately much better off for text-books than we 
Were a little while ago. There is a new edition of Punnett’s “Mendel- 
ism,” and Uarbishii'e’s book on the same subject is of great use. 
From America We have the useful “ Plant Genetics ” of C'oulter 
and Coulter, also Babcock and Clausen’s “ Genetics in Relation to 
Agriculture,” and Coulters’ “ Fundamentals of Plant Breeding.” 
There are at least two journals devoted to its more severely 
scientific side, and we have the invaluable ” Journal of Heredity,” 
the organ of the American Genetic Association, which is a priceless 
possession to the teacher of genetics. I notice that Babcock and 
Clausen have made free use of material that has ap|)eared in its 
pages. 

I think I have said enough to demonstrate the value of plant 
genetics as an instrument of education and to show how this instru- 
ment may be wielded. The study of plant genetics lets the student 
see the plant in action and it allows him to play with life in a manner 
afforded by no other branch of the science of botany. 
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Plant genetics is a subject, however, that can be easily spoiled 
by putting the theories first and the evidence second, as is too often 
the practice. I would quote to you in this connection the following 
words of one whose assistant I had the honour to be — ^Dr. 
Frederick Keeble ^ : 

“ The first duty of a teacher (is) so to select and present common 
facts that the essential generalizations which cohere them into a 
scientific system, either suggest themselves to the mind or, at all 
events, appear natural and convincing when the teacher is compelled 
by the defectiveness of his method or the indifference of his students 
to expound.” 

In concluding our study of this aspect of the question let me put 
before you as a goal that which Mcfhrdy ^ informs us was the 
aim of Leonardo da Vinci, that great, free spiiit of the 15th Century : 

It was the cramping fetter of medijeval tradition upon thought 
which Leonardo tried to luiloose. It was his aim to extend the 
limits of man’s knowledge of himself, of his structure, of his environ- 
ments, of all the forms of life around him, of the manner of the 
building up of the earth and the sea and the firmament of the 
heavens. To this end he toiled at the patient exposition of natural 
things, steadfastly, and in proud confidence or purpose.” 

Plant genetics, in its utilitarian aspect, means the production 
of new and better plants, and the keeping of these up to standard. 
This aspect of the work has been very fully reviewed by Bir Daniel 
Morris in his address to the Botany Section of the British Association 
for the Advancement of Science last year. There are one or two 
additional points, however, that I should like to put before you, 
both as regards work done and as regards possibilities for further 
work. 

Bergson,® treating of the living body in general, says : 

“ It is an individual, and of no other object, not even of a 
crystal, can this be said, for a crystal has neither difference of parts 
nor diversity of functions. No doubt it is hard to decide, even 


^ F. K (eeblc) in Nature ^ {September, 1910, p. 47. 

* McCurdy, E. Leonardo da Vinci's Notebooks, 1900, p. 10, Introduction. 
® Bergson, Henri. Creative Evolution (translation by Mitchell), 1911, p. 10. 
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in the organized world, what is individual and what is not. The 
difficulty is great, even in the animal kingdom ; with plants it is 
almost insurmountable. This difficulty is, moreover, due to pro- 
found causes, on which we shall dwell later. We shall see that 
individuality admits of any number of degrees, and that it is not 
fully realized anywhere, even in man.” 

My preceptor. Professor Bayley Balfour, puts the same idea in a 
formula by stating that the plant is a colonial organism. Its various 
parts are to some extent independent of each other, and isolated 
parts can reproduce those missing. It is not to be wondered at, 
therefore, that we find these parts varying among themselves, nor 
that such variations are at times inherited. I refer, as you per- 
ceive, to hud variations. It is a well-known fact that a bud on a tree 
may give a branch the leaves, flowers and fruit of which are different 
from those of the rest of the tree, and that these pecuharities may 
be transmitted to the next generation either vegetatively or sex- 
ually. Varieties of sugarcane have been observed to arise by this 
method, and changes in the fruit of trees have been observed to 
follow such bud mutations. It is particularly with reference to the 
study of bud variation in Indian fruit trees that I think a great 
deal of work can be done. These variations may be useful or harm- 
ful from the practical point of view. Care is needed in weeding out 
the harmful and preserving the useful variations. Let me cite to 
you, as an example of the kind of work I mean, what has been done 
on the Washington Navel Orange, a variety which is the mainstay 
of the Cahfornian citrus trade. y- 

' The following facts are culled from articles that have appeared 
from time to time by fruit experts in the pages of the “ Journal of 
Heredity.”! 

The navel orange, as its name implies, is one that has a pecuUar 
umbilical protuberance at the stigmatic end. The Washington navel 
orange originated at Bahia, Brazil, as a bud variation of the 

* Journal nf Heredity ; Vol. VI, No. 10, “Washington Navel Orange,” by A. D. Shamel ! 
Vol. VIJ. No. 2, “ Bud Variation,” by A. D. Sliamel ; Vol. VII, No. 10, “ Forgotten Bud 
Variatioiu,” by L. B. Scott; Vol. VII, No. 11, “Co-operation in Production of Califoniia 
Grape Fruit, anon. ■ 
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Portuguese variety of orange, laranja seleda-, or the select orange. 
This variety, says Shamel, whona I quote, was undoubtedly 
introduced into Brazil very soon after the colonization of that 
country. According to V. A. Argollo Ferrao, one of the agricultural 
officials of the country, the navel orange appeared as a bud variation 
of the selecta variety and was discovered and propagated by a 
Portuguese gardener at Bahia about 1822. This account of its 
origin has been confirmed by all other available information. 

Here, then, we have an authentic case of a valuable fruit arising 
by bud variation. The orange is seedless, has this peculiar navel, 
and is of excellent quality and appearance. The Bahian navel 
orange as above described was introduced into the United States 
through the efforts of William Saunders, then Horticulturist and 
Landscape Gardener for that division of the Patent Office corre- 
sponding to the present United States Department of Agriculture. 
The first consignment of trees died on the way, but the second got 
through, though in poor condition. Buds from these were propagat- 
ed on seedlings of the same variety grown from seed that Saunders 
had acquired separately. Trees were ready for distribution in 
1873 and a Mrs. Tibbetts of Riverside, California, got two of these. 
From these two trees has sprung the Californian industry, for the 
budwood from new plantations was taken from them. In 1915, 
there were about 100,000 acres under this variety in the State. So 
far so good. We have here an excellent variety, originating as a 
bud variation, propagated by vegetative methods, the whole popu- 
lation of these trees in California forming two “ clones.” A “ clone ” 
is a race propagated vegetatively from one source. One would 
have thought that the growers’ troubles were ended. 

Very far was this from the case. It soon began to appear 
that within the variety now named Washington Navel by the 
growers there were various types of tree, distinguished by habits 
of growth, density of foliage and other characteristics. In addition, 
there appeared to be a steady and unaccountable deterioration in 
the trees of new plantations and in the fruit of these. Careful 
investigation by Shamel revealed the fact that there were eleven 
common types of the navel orange in California in 1909, and of 
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these the most undesirable from the standpoint of fruit production 
were those showing the greatest vigour of growth. These undesirable 
trees produced in great quantity thick succulent branches, the so- 
called suckers, from near their base, and these branches had been 
freely used, nay, actually selected as the source of budwood for the 
preparation of new stock. The reason is not far to seek. As every 
gardener knows, one wants a big bud, from a round stem with an 
easily separable bark, and these requirements were met by the 
sucker growth. The evil effect can be easily imagined, namely, 
the new plantations were nearly filled with these “ drone ” trees, 
and Shamel records cases of plantations in which as many as 70 
per cent, of the trees were of this bad type. 

Now whence had these eleven types arisen, includhig the evil 
drone types ? Obviously from fmther bud variation, for the 
orange is seedless and is never propagated except by buds. 

What was the remedy ? Obviously, to select the best of these 
variations and take budwood from that only. How was this best 
variation to be selected ? On the same basis that one selects a good 
cow, by perjormance. Performance records were therefore kept for 
several years of the fruit production and quality of individual trees 
and blocks of trees, and on this basis trees for fruit propagation 
were selected. A drastic change was also introduced by using, 
for budwood, not the fat juicy sucker, but the wiry twigs just at the 
back of the fruit growth of the current year. This may seem bad 
horticulture, but it has in practice proved brilliantly successful, 
and Shamel states that a certain co-operator budded more than 
13,000 orange seedlings with such budwood in 1914 and only two of 
these failed to grow. 

The Californian growers of grape fruit (otherwise the pomelo) 
have gone a step further. In the grape fruit the same difficulty 
arose and the same remedies have been found successful. The Grape 
Fruit (dub, one of the growers’ organizations, has decided to eliminate 
from their groves all varieties except the Marsh (the most useful 
variety) and further to eliminate all Marsh except one type. By 
this means they will standardize the product of all the member’s 
of the club with great advantage to both producer and consumer. 
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Similar problems present themselves in the citrus groves of 
India. The gardener, and the plant breeder also, are sometimes 
apt to think that within a clone purity must reign aud variation be 
abolished. The experience of those who investigated the Washing- 
ton navel orange was, as we have seen, quite otherwise. A walk 
through any orange grove on this side of India will show you that 
here too bud variation does occur, and I commend its study to future 
investigators. Tree differs from tree, branch from branch and even, 
occasionally, fruit from fruit on the same branch. The matter 
is one of common observation among the illiterate cultivators 
themselves. There is liere a clear field for an inviting and useful 
research, and we have a good lead from the American work as to 
how to deal with the problem. 

Another phenomenon on which as yet little work has been 
done in India is that of the seedlessness of fruits. Seedless fruits 
are in many cases extremely desirable. The guava, for example, 
is spoiled by the multitude of extremely hard seeds that occupy 
such a large part of its pulp. There is a belief current among guava 
cultivators in Poona that repeated vegetative propagation of the 
guava tree will reduce the number of seeds. This belief was experi- 
mentally tested by my assistant, Mr. L. B. Kulkarni, L. Ag.. who 
layered the guava repeatedly and tested the guava frxiits got from 
each successive layer generation for number of seeds. This experi- 
ment was carried to the third layer generation without effect on the 
seed number. 

Some years ago I advertised in several newspapers for seedless 
guava trees, and received many so-called seedless trees, all of which 
produced fruits bearing seeds. Kaces of guava trees do, however, 
vary immensely in the number of seeds produced, and a Sind variety, 
now recommended and propagated in the Ganeshkhind Botanical 
Garden, Poona, has a very small number indeed. It may be possible 
to get at this seedlessness by selection of trees or buds Avithin this 
variety. 

Another possible way of attacking the problem is by a cross 
between different species of the genus Psidium to which the culti vated 
guava belongs. A fruit-producing but seedless guava may in this 
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way be produced. This method has been tried by my assistants, 
but as yet without success. 

Similar improvement is desirable in the custard apple (Anom 
squamosa), also an excellent fruit spoiled by large and numerous 
seeds. 

The seedlessness of the cultivated banana {Musa sapimtum) 
is a subject of interest genetically, especially considering the free 
seeding character of the wild species (Musa superba). Apparently 
fully developed seeds do occur occasionally in edible bananas, more 
especially in certain varieties. Fawcett ^ mentions that seeds were 
secured when the pollen of the red banana w'as dusted on the stigma 
of the ordinary banana at Hope Gardens, Jamaica, but that the 
hurricane of 1903 levelled the plantations before the seeds were ripe. 
Apparently there has been no further Jamaican experiment. 
Experiments made by myself and my assistants in Poona in 1916 
showed that seeds were produced in small quantity in fruits of 
Musa sapientum when pollinated by pollen of Musa superha. The 
viability of these seeds was never tested as they were lost, and 
war work afterwards prevented the repetition of the experiment. 
Seeds occurring in the Alhadcel variety have been dissected by me 
and found to be mere hollow shells. It is an established fact that the 
fruit of Musa sapientum develops without the stimulus of pollen. 

All this does not give us much light, however, on the cause of 
banana seedlessness. Tischler ^ found that three races of banana 
investigated by him had different chromosome numbers, namely, 
8, 16, and 24. He found also that with increase in chromosome 
number appeared a derangement in pollen development. Abnormal 
tetrads and nuclei were thus formed, but some of these could give 
normal pollen tubes. The numbers of chromosomes given above 
were the reduced numbers. In somatic cells pro-chromosomes, by 
which name he called centres sharply defined by heematoxylin, 
scarcely ever indicated a diploid nucleus, but there was a tendency 
for two or more to fuse. 


^ Kawcett, W. The Banana, 1913, p, 18. 

2 Tischler, G. Untersnchung uber der ISntmcklmig der Bamnen PoJUem I, Jleidelberg, 
1912, 
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I have made a considerable number of careful sections of the 
ovary of Musa sapientum at different stages of growth of the flower, 
but have failed to observe an embryosac. I was unable to complete 
this study owing to the war and to leave, but the whole indications 
were of a feebly developed or missing embryosac. 

Beccari,^ writing of the origin of the cultivated banana, 
says: 

“ The wild varieties are almost wholly seeds, but what pulp 
exists is sweet and agreeable. It therefore only requires some 
agent to inhibit the growth of seeds and promote that of pulp to 
produce good bananas. Effective causes are sterility produced by 
hybridization and improvement by asexual reproduction.” 

Now this airy disposal of difficulties does not at all meet the hard 
facts of the case. We have already seen that in guava repeated 
vegetative propagation for three generations does not alter the 
number of seeds. Second, I fail to see how you are to propagate 
Musa superba vegetatively, for in all the places where I have seen 
it, it produces no suckers. It may be different with other wild 
seed-bearing varieties, of course. Next, the question of hybridiza- 
tion. This is possible, of course, but no one has yet produced a 
seedless Mitsa from two seed-bearing species. T'his remains to be 
done. The abnormal nature of the pollen would seem to point 
to some great disturbance of the germ cells and this might possibly 
be due to a wide cross. On the other hand it might be only a muta- 
tion affecting chromosome number, like Oenothera lata from 
0. Tjarmrckiana. 

The matter is, therefore, one on which we have no exact inform- 
ation, and is complicated by the statement of Baker^ that Musa 
Fehi, which grows widely in Tahiti, is seedless at the lower levels 
of the forests but bears seeds when found at higher altitudes, say 
3,000 to 3,600 feet. 

I submit that the problem of seedlessness in fruit is one for 
the investigation of which much material exists, little work has 
been done, and great rewards are in readiness. 


1 Beccari, Odvardo. Nelle Fineste di Borneo Firenze, 1902, p. 611. 

* Baker, J. G« Annals qf Botany, VII, 204. 

3 
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The question of the inheritance of sex in plants presents itself 
to us in our indigenous plants papaya (Carica papaya) and Indian 
hemp {Cannabis sativa). Just as in considering the question of 
aeedlesaness we very soon got away from the purely utilitarian 
aspect and found ourselves in the rarefied atmosphere of pure truth, 
80 here also we very soon find that the practical application of the 
research awaits entirely the disinterested labours of the pure scien- 
tist. In the case of the papaya we at present can see no difference 
between the male, hermaphrodite and female trees until they 
flower. If some means of distinguishing them at an early date 
were found, much useless planting and much loss of labour, water 
and manure would be prevented. Or if a race of papayas could be 
produced with a very large percentage of female trees, a great boon 
would be conferred on tropical fniit growers. But both problems 
still await solution. 

Investigation has been done by Higgins ^ and Holt in Hawaii, 
and by my assistant, Mr. L. B. Kulkarni,* L. Ag., in. this country. 
The result of such enquiry up to date is about as follows : The 
papaya shows trees purely male, trees purely female, ar.d several 
types of hermaphrodites. Of these hermaj)hxodites there are at 
least two clearly defined types, namely, (1) a type which produces 
occasional fertile flowers on a long peduncle bearing for the most 
part male flowers ; (2) a type bearing fertile flowers of larger size on 
a short peduncle that may have male flowers upon it. The fruit 
of the second type is often elongated, and on account of the short 
peduncle is borne fairly near the stem. All these types may occur 
from one set of seeds. Moreover, in the lifetime of one tree there 
may be a change of sex. This may occur without any special apparent 
exciting cause or it may be induced by beheading the tree. Kulkarni 
observed one case of a tree that had completed the whole cycle of 
sex and come back to its original condition in its own lifetime. 

Both in Hawaii and India experiments have been made in polli- 
nating the ovary of a pure female tree with pollen from a 

‘ Higgins, J. E. ‘ Growing Melons on Trees).” Journal of Heredity, VII, .'5. 

Kulkarni, L. B. Ann. Btport, Oaneihkhind BotanM Garden, IQIS-H, and aiiooeeding 
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hermaplirodite tree, with the object of getting a race with a large 
percentage of female trees. That one does get an increasin g percentage 
is shown by results, but the limits of such breeding and the scientific 
interpretation are still unknown. 

Again, there is something rather mysterious about the forma- 
tion of the papaya fruit. One often sees a lone tree at a railway 
station or some out-of-the-way place, with apparently no male near 
it, and yet bearing fruit. In Ganeshkhind Garden we bagged a 
certain number of flowers to see if fruit set without pollination and 
it was found that it did. The seeds within these fruits were not 
viable. 

There appears to be here some hint of parthenocarpy, and again 
much material ready to hand for a most fundamental research. 

The ratio of the different types of tree from seed of known 
origin is also a matter requiring investigation. 

To turn to the second example of bisexual plants, namely. 
Cannabis saliva. A most interesting series of experiments on the 
determination of sex iu this plant was carried out by Ciesielski ^ in 
Jjt'mburg between 1871 and 1878. According to his results, fresh 
pollen produces males and stale pollen produces females. I do not 
remember to have seen any recent repetition of this work to enable 
me to judge of its truth under modern conditions of rigid scientific 
control. 

Changes of sex in hemp have been repeatedly observed, both 
without apparent external cause and with such.® Kemoval of the 
flowers does alter the sex of hemp, and while only a few male plants 
produced pistils, they constituted 14 to 21 per cent, of the total 
number of males reproducing flowers after the operation. It is 
quite probable that if the proper stimulus were used, says 
Pritchard, pistil formation could be induced in all males. He also 
states that the females were very responsive to the stimulating 
effect of flower removal. In fact, in the second year’s experi- 
ments every female operated upon produced an abundance of 
stamens. 

* Wester, P, J. “ The Betermiiiation of Sex.” Journal of Heredity, V, 6. 

• F. J. “ Change of Sex in Hemp.” Journal of Heredity, VII, 7. 
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Schaffner ^ records a case of complete reversal of sex from 
femalenesa to maleness in hemp with no special treatment. 

This plant, therefore, deserves further study, and as it grows 
easily here, we should be the people to carry on that study. 

One point comes out clearly in the discussion of the above 
facts regarding papaya and hemp, and that is that sex does not 
apj)ear to be, in these cases, entirely a matter of zygotic constitu- 
tion. It would appear that both are potential hermaphrodites as 
believed by Darwin and Strasburger, and again as pointed out by 
Pritchard. 

Again, very little, if anything, has been done to test grape 
seedlings in this country, and yet when one considers the new 
varieties of value that have been thus originated in other countries 
one feels that here too is a promising aj-.d obvious field for 
work. 

Among ornamental plants there also exists an untouched and 
attractive region for research and profit. We have many wild plants 
that would probably repay domestication and breeding. When one 
considers what has been done in a few generations with phlox and 
petunia one feels that many of our wild plants nray hold similar 
possibilities. And when one sees to what miserable si)ecimens 
\incared-for florist’s plants can degenerate one looks through the 
otlier end of the telescope, as it were. 

The production of horticultural seed in this country is an 
industry offering, I believe, great scope for the practical scientist 
or the scientific practitioner. 

I have dwelt on the horticultural aspect of utilitarian plant 
genetics because it is one that is too often neglected, and yet horti- 
cultural products are a great part of the country’s wealth and its 
gardens are aesthetic riches. 

A word or two must be said regarding the relation of plant 
genetics to other branches of botanical activity. At present cyto- 
logy is most intimately connected with plant genetics. The investi- 
gation of chromosome numbers, distribution, and arrangement 

1 Scbaffuer, J. H. “ Complete Reversal of Sex in Hemp,” Science, September 26, 1919, 
p. 311. 
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forms no small part of the knowledge which the geneticist must have 
in order to elucidate many points of his problems. The recent 
work by Arber and Beer, recently discussed and criticized by 
McLean,^ on multinucleosis in the developing soma cell of the 
higher plants opens up an entirely new field of speculation. The 
value of the chromosomes in heredity and the meaning of nuclear 
fusion, whether of gametes or of somatic nuclei, are points which at 
one time appeared to be as settled as anything in science. They 
have now again come under the fire of rigid investigation, and we 
shall in all probability soon be able to chronicle further advances in 
our ideas regarding both these important matters. 

In relation to taxonomy, genetics has a large part to play, 
a part on which genetics has as yet hardly entered. Genetics, we 
may truthfully say, is the experimental form of the study of evolu- 
tion. In taxonomy our aim is to relate in groups such plants as 
are genetically connected. Up to date, on account of the mass of 
new material to be handled, taxonomists have based their reasoning 
chiefly on observation of individual generations either in a sii’gle 
habitat, or too often entirely apart from the habitat. The only 
real test of a variety is to grow it, and sec if its characters are 
retained. It is necessary to test it also in varied envirojiment and 
to see how far its new characters are uiherent and how far due to 
environmental influence. It may seem at first sight as if this were 
a thing impossible, but it is not a thing which can or should be 
done all at once. There is, iji atklition, a fertile field for hybridizmg 
existing species and varieties, when the origin of others may be 
elucidated. 

To return again to genetics as the experimental form of the 
study of evolution. As such it must always take a central position 
in the study of life, for as Bergson has said, life is essentially a 
“becoming. ’ Man has always been curious about the manner in 
which new forms arose, and in genetics we may get a long way toward 
Icnowledge of this point. You will observe I do not say why new 
forms arose. That is more a question of pure philosophy and 

' McLean, R. C. “ Sex and Soma.” (Paper read before Linn. Boc., Lend., November 
20 , 1919 .) 
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for its answer 1 know no better master tban Henri Bergson, whose 
reasoned theory of the “ vital impulse ” is at once inspiring and 
encouraging. 

We must clearly recognize the hmits set upon our experiments 
and our generalizations by the nature of plants. On account of their 
food habits, their immobility and lack of consciousness, they offer 
themselves as easy material to even the unpractised experimenter. 
The possibility of keeping relatively large numbers under culture and 
observation enables us to gain facts regarding posterities and to 
keep a look-out for mutants which are the more likely to appear, the 
greater the number of plants grown. The large number of nearly 
ivlated but diverse forms enables us to study inheritance in crosses 
betweeir nearly similar varieties. 

Wlierein, then, is this material imperfect ? Perfect it certainly 
is for itself, but wo should beware of drawing conclusions regarding 
characters which have not been investigated, characters more 
developed in animals, or characters which appear to be more part 
of the life of the individual and less part of the material in which 
that life clothes itself. For as Darbishire^, following Bergson, 
states : 

“ I^et us now consider concisely the four main conclusions 
to which a consideration of M. Bergson’s philosophy has led us : — 

1. Time is the essential factor concerned in the fixation of 

the characters of organisms. 

2. Life is perpetually creating the absolutely new ; more is 

got out in the effect than is put in in the cause. 

3. The performances of living things caimot be predicted 

mathematically. 

4. The organism consists of an essentially vital part and 

of non-living constituent parts.” 

He goes on to say : 

“ His (Bergson’s) conclusions with regard to life are untrue of 
Mendelian characters. This may mean either (1) that M. Bergson’s 
conclusions are ill-founded, or (2) that the Mendelian characters 

* Uarbishire, A. D. “An Introdnotion to a Biology,” 1917, p. 08. 
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are dead or, at any rate, appertain to the least vital parts of the 
organism. I believe the latter alternative to be nearer the truth. 
If it is nearer the truth, we have, I think, a clue which will enable 
us to relegate the Mendelian characters to their true position among 
the characters of living things ; and a suggestion which may enable 
us to determine without experimentation which characters are 
likely to behave in a Mendelian way in heredity and which are not. 
And it would seem, in general, that Mendelian characters are to be 
found amongst the contents of the retort and are not exhibited by 
the retort itself.” 

Again, the study of plant genetics supplies us with practically 
no data regarding the inheritance of instinct or intelligence. There 
are certain habitual actions, however, almost resembling instincts, 
e.g., certain kinds of response to stimuli, whose inheritance in 
crosses might lead to some new kn-owledge. An interesting case 
would be the crossing of a right-handed with a left-handed climber, if 
such could be made. 

Plant genetics, like other studies of heredity, has had two main 
tendencies, the biometric and the Mendelian. The former aims at 
the mathematical interpretation of the facts of mass inheritance, 
the latter at the scientific explanation of individual inheritance. 
The latter demands the intense study of single fines of inheritance, 
single plants, single characters. Of this nature is the work of 
Mendel and of this nature is the work of De Vries on Oenothera. It 
is a method that is essential in future work on the study of heredity 
in plants. Its intensity is increasing, for whereas m the time of 
Mendel it was sufficient to follow a smgle gross character, we now 
attempt to follow a single chromosome or a single chromomere. We 
here approach very near’ to the actuality of Clerk Maxwell’s demon, 
who was supposed to be able to make selection between slowly 
and quickly moving molecules and thus alter the heat of two parts 
of a closed system. 

This brings us to the question, “ What do we actually know, 
and what can we actually do, in plant genetics 1 ” We may truth- 
fully say that the more we know the more complex does the whole 
situation become. Judging from recent researches some ideas 
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that have been dogmatically expressed by certain earlier writers 
arc likely to require considerable revision. A state of uncertainty 
is likely to supervene on the first apparent state of stability. 

But what do we know 1 

The facts of variation in external form we can observe, measure 
and record. The causes of non-adaptive variation we do not know. 
I defy any botanist living to accoimt for the variation in the lobing 
of the leaves of a single fig tree. 

Concerning the distribution of fluctuating variation we know 
a good deal and can mathematically express it. The theory of 
its distribution at present seems to fit the facts. But there arises 
a difficulty in distinguishijig fluctuating variation due to slight 
changes in environment from variation due to cumulative factors, 
especially where these mean small changes in quantitative characters. 
The doctrine of cumulative factors is, of course, still a hypothesis, 
but it is a matter of fundamental importance and deserves careful 
experimental study. 

Mutations are repeatedly observed in pure cultures. In some 
cases gross changes in number or form of chromosomes have been 
observed. In a few cases mutations have been produced by altering 
the external conditions of the plant or the organ. In no case are the 
mutations adaptive. It appears proved that mutations are due to 
alterations in the germ plasm, but that the germ plasm can be 
got at appears also true. Becent work by Rawson^ in South 
Africa shows that by selective screening a new form of Papaver 
Rhoeas has been secured and fixed. If this can be done by a mere 
variation of light on the externals of the plant, where is the theory 
of the sanctity of the germ plasm ? 

The role of the chromosomes as carriers of the plant characters 
is a matter of some debate, especially in relation to sex. For the 
sex of plants, as we have seen, can be altered by artificial means 
altogether apart from the germinal character of the plant. The 
fact, however, that the male gamete is practically all nucleus and 
that male characters do appear in the hybrid is a strong argument 


^ llauboii, H. K. “ 
L6nd., November 6, 1919,) 


Sports Produced at Will.’* (Paper read before Linn. Soc. , 
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for the chromosome hypothesis. The arrangement of characters 
linearly on the chromosome is still hypothesis on the basis of certain 
experiments on Drosophila. 

When we come to hybridization we have an enormous mass of 
facts capable of varying interpretations. Of Mendel’s original 
theory we can say that as far as the cases dealt with in his experi- 
ments go it 4s true. But, after all, the truth of a theory is not its 
main virtue. As Duclaux ^ remarked : 

“ Le propre d’une theorie n’est pas d’etre philosophique et 
seduisahtc : elle n’a meme pas besoin d’etre vraic au sens absolu du 
mot. II lui suffit d’etre feconde.” 

(The characteristic of a theory is not to be philosophical and 
seductive : it need not even be true in the absolute sense of the term. 
It is enough if it is fecund.) 

Judged by this standard, Mendel’s theory has been amazingly 
fecund. Hence the progress in twenty years, four of them occujjied 
in a devastating war, is more than in the two hundred years 
previmxsly, a marvellous phenomenon even when we allow for the 
improvement in apparatus. 

Definite numerical ratios are obtained in many cases but not in 
all. Where such ratios are obtained, Mendel’s law or some modifi- 
cation of it appears to apply. I have mentioned “ some modi- 
fication ” and, indeed, there have been so much modifications and 
so many additional hypotheses (the presence-absence hypothesis, 
inhibiting factors, complementary factors, cunndative factors, 
linkage, crossing over) that one begins to feel a little uneasy and 
suspicious of a theory that needs so much adjustment. This 
suspicion is only to be dealt with by more and more experiment. 
Things may be, however, simpler than they look. The act may be 
simple, but we may, as Bergson ® suggests, be able to view it only as 
a patchwork. This ought in no degree to retard either our experi- 
menting or our theorizing. It ought, indeed, to incite us to get a 
viewpoint ever higher and higher above the broadening area of 
facts. 

^ Duclaux. Train dc microhiologUy Vol. 1. 

• Bergson, H. Creative. Evolution (translation by Mitchell), 1911, pp. 96-97. 
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Wc must, therefore, retain our role of keen-eyed watchers 
ready to pounce on any indication given by Nature in her own 
silent workings, and we must also perpetually ply her with (questions 
in the shape of all manner of experiment. Our ignorance is great 
but so also is our hope. 



SOME ASPECTS OF COTTON IMPKOVEMENT 

IN INDIA. 


BY 

Jl. V. SAMPSON, B.Sc., 

Deputy Director oj Agriculture, V and VII Circles, Madras Presidency, 

Exlracl from para 4 of the Indian Extract from nefrspaj)er criiicim 
Cotton Committee's Beporl—Possibi- on the Indian Cotton Ciinmittee's 

lit!/ of Indian cotton replacing Report, headed Lancashire Inter- 

American for Lancashire purjmes : — est : — 

^9icS|t3|C 

** These cottons (of a staple up to liV.th) Exception is taken to the stdtement in 

will only be capable of spinning up to Hfs the Report that cotton of l^V. in. staple 

twist and 418 weft in the Lancashire itiills, will spin 31s twist and 14s weft in Lancashire 

if the conditions of those mills continue as at mills. It is asserted (by Lancashire) that 

present. * the staple for these yarns must be in. 

Only if the li\, in. staple were much more 
leliable than Oldham’s experience shows 
It to be, would it serve. It would have to 
be absolutely even, and that is too much 
to expect of any growth.” 

^ t ^ Hit t 

How are we to reconcile these two opinions 'i The first is the 
considered opinion of the Indian Cotton Committee, w^hich not only 
contained recognized experts from the cotton spinning industr}’’ 
of Bombay and of Lancashire, but had an opportunity of inspecting 
any Indian mills it wished to, as well as of taking and sifting evidence 
of practical spinners throughout India, and the second is the opinion 
now expressed by the spiimers of Lancashire. What are the reasons 
for this difference of opinion ? It may be that the Lancashire 
operative will not submit to as maaiy stoppages for breaks in the 
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spinning of the yarn as the Indian operative. But this can hardly 
be the case, otherwise Indian yarn would be unable to compete 
with Lancashire yam, which would necessarily be of much better 
quality. Is it that the Indian mills are better equipped than those 
of Lancashire ? This agaui can hardly be the case. Up to the 
outbreak of war the number of mills in India, which spun the counts 
mentioned, were very few in number. It is not likely therefore 
that during the war, when necessity restricted even the renewals of 
existing mills, these could install machinery ada]>ted for spinning 
the counts mentioned. 

. If we arc to find an explanation to the diffcrejicc between the 
two statements quoted, it seems evident tliat we must look for some 
other reason, and the following is suggested as the })robable solution 
of the misvmderstandii'ig. 

Lancashire is at a great disadvantage in judging cotton, because 
she is not a cotton producing country. This means that she never 
sees cotton until it reaches there in the form of pressed bales. It 
is much more difficult to judge the value of cotton after it has been 
ginned and j)ressed than before, and that this is so is shown by the 
reports received from Ungland on samples of cotton sent from 
India. Such reports lay special stress on colour, freedom or other- 
wise of leaf, broken seed, etc. They may or may not state whether 
the staple is even or not, but usually merely state the length of the 
staple in a fraction of an inch with an opinion as to the counts 
which the sanqde is suitable for spiimuig up to. Then follows the 
estimated value of the cotton in i)cnco. This value, is always based 
on the then ruling price of F. G. F. Middliivg American whereas 
it wmuld be much more accurate and of much more value if this 
were given in percentages taking F. G. F. Middlii'g American as 100. 
To anyone who has made a study of cotton with a view to 
improving it, such information is valueless. He is quite able to 
ascertain this information for himself. He can see for himself 
what the colour is, whether it is “ white ” or creamy- white,” 
whether it is bright or dull or stained. He does not want to know 
whether it contains leaf or not. He can see this for himself before 
he sends the sample for report, and if it does contain leaf or broken 
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seed, it is immaterial as far as he is concerned. Usually leaf is a 
question of the season and method of picking. The report merely 
gives information which says either you have had a good or a had 
season or else that you ought to insist on more careful picking. 
He is in a much better position than Lancashire to state what is 
the length of staple, because he sees it in the Icapas and can theref ore- 
state much more definitely what is the variation in its length and 
whether this is even or uneven. He is in a much better position 
also to state whether the fibre has a good n.atural twist or not, 
because it is almost impossible to test this from a sample of ginned 
cotton until this has been spun into yarn. The worker in this 
country does not want an opinion as to what counts a particular 
sample of cotton is considered suitable for spinning up to. He will 
have his own opinion on this point, which is probably much nearer 
the mark. What he docs want are actual spmning tests whicJi 
will give him information on this point. These are very difficult 
to obtain, because it is very seldom the case that mills will take the 
trouble to make them, and if they do take the trouble to make them 
an.d find the cotton is suitable for spinning higher counts than they 
considered possible, they naturally wish to keep this information to 
themselves, because it means that they pay less for the raw material. 

Then, again, Lancashire is used to quite a different class of 
cotton to that which is indigenous to India. The bulk of the cotton 
used there is of the American Upland type which is quite a different 
class. The in.dividual fibre is very much finer and much weaker. 
It is quite possible, therefore, that Indian cotton of a shorter staj)le 
is capable of spinning as high a count as American Ifpland provided 
the staple is even and the natural twist of the fibre is good. Some 
years ago (1907-08) samples of Indian cotton were sent to Liverpool 
for valuation to the British Cotton Growing Association. After a 
considerable time, a letter of apology was received from them 
stating that they were sorry for the delay. They wrote as follows : — 
“ We have approached several brokers in Liverpool and not one of 
them would take the matter up, as you know Indian cotton is very 
little used now in this country and consequently there are very few 
men who understand it.” 
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On a later occaaion aamplea of cotton, grown from selections 
of the local Indian cotton, were shown by me to an experienced 
buyer for hia opinion on the spinning value. He stated his opinion 
that these could be used for spinnii'g up to 26s. As great care had 
been taken to select these for evenness of staple and also for natural 
twist in tlte fibre, I asked him to <arrange for spinning teats to be 
made to find what these cottons would spin up to. This he kindly 
arranged to do, and although the length of the staple was only 
7/8" to 1" these spun a useful 40s yarn. A 50s yarn was spun 
from one sample which was reported to give splendid results. 
Another selection was found suitable for spinning 44s yarn. 

It is quite possible, therefore, that if, .and when, Lancashire 
knows more about Indian cottons, she may wish to qualify her 
opinion quoted above, somewhat as follows. With the type and 
class of cotton which I am using at present, I require a staple 
of-?-inches in length. 

If this is so, then it puts a different aspect on the Cotton Com- 
mittee’s considered opinion. Much has been done in recent years 
to improve Indian cottons and the information as to where such 
improved cottons are grown and are available can, without difficulty, 
be ascertained by Indian mills ai’.d doubtless they have procured 
their supplies of raw materials from such sources. I consider, 
however, that the Cotton Committee have not gone far enough 
in their statement. They have stated that for 34s twist and 44s 
weft a staple of 1 " to 1 ’ is required. Is this so ? It may 

be the experience of the mills because they buy on “ type,” “ class ” 
and “ style,” and to obtain type, class and style the buyer has to 
mix. Thus, much of the improvement made in Indian cottons 
is lost in this process of matching samples. Further, the cotton 
dealer who supplies cotton to the buyer has imitated the buyer 
in this process of mixing, but without his knowledge of what the 
mills require ; and this has become so great an evil that the buyer 
is often in despair in making up his types. Another reason why 
the length of the staple given by the Cotton Committee is so h i gh 
is that hardly any mills in India are prepared to pay for quality, 
e difference in the price of good and bad cotton of the 
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kind barely does more than pay for the blow-room and cardroom 
loss and, as long .as this is the case, it does not pay the buyer to 
supply high grade cotton. It pays much better to mix this with an 
inferior quality cotton even of the same variety and grade it up. 
My experience is that the only person who pays for quality is the 
village dealer and his main object in doing so is to grade up an 
inferior quality of hijm by mixing. The persons who ultimately 
suffer are the grower and the mill-owner. The grower because a 
continuance of this process lowers generally the value of the cotton 
of the tract, and the mill-owner because it limits the fineness of the 
yarn which he can spin and makes it impossible for him to produce 
a uniform standard of yarn. The profit goes into the haiids of the 
middlemen. 

My reason for writmg this is not to proclaim the work which 
has been done in the past to improve the Indian cotton but to sugge.st 
that much greater use might be made of Indian cotton than is the 
case at present. Very large sums of money are wasted annually, 
because the capabilities of Indian cotton are not fully appreciated. 
This tells not only on the prosperity of Indian mills, but also on the 
prosperity of the grower. Much more careful testing of cotton is 
necessary in mills and much more detailed reports are required 
on samples of improved strains submitted for report. 

It is not so many years ago that Lancashire discovered that by 
different treatment American Upland cotton could largely replace 
Egyptian cotton, but she only discovered this because the necessity 
for supplementmg Egyptian cotton was forced upon her. Is it 
not possible that in some such way Indian cotton in part can be made 
to replace American Upland ? If so, then Lancashire’s difficulty 
will to some extent be solved. Is, however, tlie statement quoted 
at the commencement of this note the right way to set about 
it ? 



THE “TAMBERA” DISEASE OF POTATO* 


BY 

HAROLD H. MANN, D. So., 

Offg. Director oj Agriculture, Bombay ; 

8. D. NAGPURKAR, B.Ag., 

Oj the Union Agency, Bombay ; 

AND 

G. S. KULKARNI, L..\g., 

Offg. Assistant Projessor oj Mycology, Agrknllural College, Poona. 

In the Poona district, where the potato crop is a more impor- 
tant one than in any other part of Western India, the plants grown 
during the rainy season (the kharij crop) are severely affected by 
a peculiar disease, which, on accoimt of the reddish colour which 
the affected fields acquire, has been termed tamhera by the potato 
cultivators. The disease only attacks the kharij crop to any serious 
extent, but of this it is by far the most serious enemy, and, in a year 
where it is specially prevalent, it often means that the crop of 
potatoes is so small that the quantity of seed used is barely recovered. 
It prominently attracted our attention in 1917, and it has been 
under examination ever since. 

The disease attacks the plants in the following manner. At 
any stage of the plant’s growth, but generally after it is a month 
old, spots with a very slight, somewhat oily-looking, blackish, 
colour begin to appear on the underside of the leaves, and especially 


* A paper read at the Seventh Indian Science Congtegs, Nagpur, 1920. 
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on the younger foliage. These spots turn reddish, extend in area 
and in number very rapidly, and ultimately become a bronze colour, 
giving an almost uniformly reddish tinge to the leaves. The upper 
foliage of the plant acquires a bunched-up appearance, the edge of 
the leaves becomes wrinkled and the leaf hairs become very promi- 
nent. Gradually, commencing from the top, the whole of the 
foliage withers leaving however the main stock still green and 
living, though it also ultimately becomes discoloured and withers 
(Plate XV, figs. 1 and 2). The plant endeavours to recover, by giving 
out a series of auxiliary shoots, which are, however, rapidly attacked 
and wither accordingly. All these stages only require from thirteen 
to fifteen days from the beginning to the final ruin of the plants. 
The attack usually occurs after the tubers are formed and when 
they are about the size' of a walnut. They cease, however, to 
develop further and hence the yield consists of a very small weight 
of very small potatoes. 

At first a few single plants are attacked, but from these the disease 
spreads in patches until the whole fields are affected. This spread 
is very rapid. As an example, a patch of potatoes which was care- 
fully watched in 1919 may be described. The whole patch of pota- 
toes was thirty -three feet square. On the first day only four plants 
could be detected with the disease, three near one corner and 
another nearer the centre of the field. Five days later, the whole 
of the corner of the field round the former plants and a large circular 
patch round the latter were obviously attacked. Three days after, 
the whole field was affected except a narrow strip down the middle, 
while on the thirteenth day from the commencement, the field 
was red and withering from end to end. The disease comes on 
almost as if a fire is passing through the fields and is universally 
attributed by the cultivators to the prevalence of light, misty rain 
which often occurs during the months of August and September. 

It is obvious that a disease like this is of very great importance, 
and it indeed appears to be the factor which limits the spread 
of the cultivation of potatoes during the kharij season in Western 
India. It has now been found not to be limited to the Poona 
potato area, but also occurs in other districts and even in Sind. 

4 
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It has been noticed in the tdbi (winter) crop also, but there it never 
does any serious harm and it may be almost ignored. 

All attempts to trace the immediate cause of the disease for 
a long time proved futile. Fungus diseases were absent, and no 
trace of a bacterial affection could be found. Everything indicated 
that the attack was due to a parasitic attack of some sort, but it 
was not until 1919 tliat the nature of the parasite was discovered. 
At that time our attention was drawn to a disease which appeared 
to be of a very similar kind reported from Hawaii in 1917^ and 
which was attributed to the work of a mite. The appearance shown 
in the illustrations of the disease seems to agree very closely with 
that shown in taml)era and hence a careful search was at once made 
for the very minute mites described. We had already been able 
to produce the disease at will by growing the potato plants under 
conditions of high temperature, and on examination they were found 
to be. swarming with mites exactly similar in character to those 
found in Hawaii. 

These mites are fmind on all the affected parts, especially on 
the under-surface of the leaves of the plants. They are so small as 
to escape notice with the naked eye, until the eye is trained how 
to look lor them, and even with a hand lens uiiless carefully looked 
into. They can, however, be easily seen in all stages under the 
microscope with a low power. The eggs are peculiar sculptured 
bodies rounded oval in shape, and firmly attached to the leaf. The 
egg cases, even after the emergence of the larvse. persist for a long 
time as colourless, transparent objects, still retaining the sculpturing 
in the form of rows of small opaque white globules. The yomig 
mites are hyaline, have three pairs of legs and are sluggish. The 
moult and the skins thrown off by them are seen in great numbers, as 
white specks. The adult female is a clear amber colour, with 
smooth glistening akin, and has a fourth pair of legs which are much 
thinner than the remaining ones. It is an oval active creature 
moving about on six legs while the other two are dragged behind, 
and measures one-fifth by one-tenth millimeter. The male is of the 

^ Carpenter, C. W. “ A new disease of the Irish potato.” Phyto-Pathology, Vol. Villa 
p. 286 ( 1918 ). 
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same colour with a brownish tinge, but is quite different in size and 
shape. It is more orbicular and smaller, measuring one-tenth by 
one-eleventh millimeter, with a clouded dorsal spot, and it possesses 
strongly developed legs and is much more active than the female. 
The first pair of legs has two joints, the second and third pairs have 
five joints and the fourth pair has four joints and each joint bears a 
few hairs. 

The mites apparently suck up the juice from the epidermal 
cells of the leaves with the result that the leaves are unable to stand 
the heavy drain on them and wither prematurely. The mites 
then leave such leaves and go in search of fresh leaves which they 
easily reach by crawling over from plant to plant as the plants 
touch one another. Wliether they arc, like some other mites, carried 
by insects or other agencies is not known. 

The naming of the mites is the work of a specialist. Carpenter 
does not attempt it. He makes a formal statement that 
they may belong to the same group as the so-called red-spider 
(Tetranychidce). 

The mere presence of the mite is not, of course, sufficient to 
enable us to attribute tambera disease to it unless the connection is 
proved by actual inoculation experiments. Carpenter in his paper 
does not record any experimental evidence, but bases his conclusions 
on the mere presence of the mites. He states as follows : — “ That 
these minutest organisms are responsible for the disease seems 
evident. They are present in sufficient numbers on the plants with 
the recognized symptoms to warrant this conclusion and the reaction 
of the plant is such as we have come to associate with mite injury. 
Furthermore, if the mites be kept off a portion of the plants by 
spraying or dusting with sulphur those so protected develop normally 
while adjacent unprotected plants are devastated.” 

The following inoculation experiments were, however, carried 
out. At first only two plants in pots Were brought into the labora- 
tory and on being convinced that they were quite free from the mite 
attack one was used for inoculation and the other as control. Inocu- 
lation was made by putting on the plant to be inoculated affecte^d 
shoots from' a diseased plant containing mites. The inoculated 
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plant began to show the symptoms on the third day. On thd 
fifth day these were quite clear and on the eighth day the withering 
of leaves commenced (Plate XVI, fig. 1). The control plant kept 
away from the inoculated one did not show any of the symptoms 
and remained quite healthy (Plate XVI, fig. 2). Encouraged with 
this trial, experiments were made on a greater number of plants. 
Ten plants were raised in pots. Five were used for inoculation and 
five for control. Inoculation of the plant was done as before on the 
5th of August, 1919, by placing on them the affected shoots containing 
mites. The plants began to show the disease on the next day, and 
on the fourth day the symptoms were quite evident, namely, the 
bunching of shoots and the browning of the under-surface of tender 
leaves. At this stage the examination of a browned leaf under the 
microscope showed any number of moving mites with their eggs. 
On the eighth day the shoots were completely bunched up and 
were much darkened in colour. In one plant leaves were withering. 
Thirteen days later, most of the top leaves of all plants were quite 
reduced in size and dried up. The controls remained quite healthy 
during this period. The results of the experiments conducted, 
in the same way, in the fields too were quite conclusive. Leaves 
affected and covered with mites were attached to a few plants in a 
comer of a plot where there was no disease and the plants were kept 
under observation. The inoculated plants alone took the disease 
and the attack started from the point of contact with the affected 
leaves. The mites were again found in intimate association with 
the disease on the new plants. 

The casual connection of the mites with the disease at once 
suggested a method of control, by spraying with a sulphur wash, or 
by dusting with sulphur, and preliminary trials were made in pots 
where the potatoes were seriously affected. Both methods proved 
effective, and it was found possible to revive plants which were in 
a very advanced stage of the disease. Experiments on small plots 
proved equally effective. 

The potato crop is so valuable that the application of such 
a spraying method as a safeguard against the disease would pay Well, 
and hence a limited area in the fields of Uie cultivators has been 



PLATE X 



Fig. 2. (1) Plant inoculated with Tambera ; (2) Control plant without inoculation. 
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sprayed with lime sulphur wash, or dusted with sulphur, during the 
past season, three dressings beii^ given commencing from the 
time when the plants were three weeks old. The results were 
excellent and a demand at once arose from the people to spray their 
whole area. The season and the disease had, however, by that time 
advanced so far that it was impossible to do anything this year. 
Spraying with lime sulphur wash, however, was a little more effective 
than dusting with sulphur. Three treatments were given — the first 
when the plants were three weeks old, the second when about six 
weeks, and the third when they were between two and three months 
from planting. The difference between the yield of the sprayed 
fields and those un sprayed in the immediate neighbourhood in 1919 
was very great. The yield of the unsprayed plot was only 1 .000 lb. 
per acre, or practically the amount of seed used ; tliat of a plot 
sprayed after the attack commenced was 5,000 lb. per acre ; that 
of a plot sprayed from the beginning was 8,720 lb. per acre. The 
cost of the complete spraying treatment this year was Rs. 1 3 per acre, 
but this can be materially reduced. At present, spraying, though 
more effective, is a new process to the cultivators, and it is probable 
that dusting with sulphur from muslin bags will be more generallv 
used. 

An attempt has been made to see if any of the varieties available 
are immune to the disease. All those commonly cultivated are, 
however, rapidly attacked if conditions are favourable. An English 
variety, “ El|)icure,” in experimental trials seemed to possess some 
resisting power, but further experiments are i.ecessa}y Avith it. The 
favourite variety in Poona, a round, Avhite, Italian, type, knoAvji iv 
Western India as “ Talegaon,” was the first to be attacked, and the 
other local varieties soon followed. 

It is difficult to say how the mites which cause the disease are 
carried over from year to year. Looking to the field conditions of 
the tract where these observations have been made, it appears that 
the disease may possibly be carried over on the potato plant it.self. 
Although there are two definite seasonal crops, the Mor/jf and the 
rabi, with regular intervals, the seasons are not sharply defined 
and potato cultivation goes on practically uninterruptedly betAv-een 
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June and March. The hharij crop is sown in June and July and is 
harvested in September and October, sometimes even in November, 
The sowing of the rain crop begins in November and extends even up 
to March, the harvesting of veiy late planted crops coinciding 
with the planting of the Marij crop again. Stray plants arising 
from the remnant tubers of the previous crop are also found in the 
fields. It is thus seen that the potato plants are found throughout 
the year in the tract either as a regular crop or as stray plants, and 
the raU crop though not seriously attacked is not by any means 
free from the mite. Owing to the cold weather the disease never 
does much damage and hence does not attract attention. The 
mite, however, comes into activity again as soon as the hot weather 
sets in in April and May. From the hot weather crop it is probably 
carried to the MiariJ season again. 

Another possibility, of course, is ihat the mite may liave other 
host plants. So far we have found what appears to be the same 
mite on gvmr {Ci/amopsis psoraliokles) only. On this plant it has 
been recorded from Baroda, Padra, Surat, and Poona. Cross- 
inoculations have proved that the gmar mite and the potato mite 
are one and the same. Potato plants when infected witli the guivat 
mite easily took the disease. Chilli and tomato plants were also 
tj-ied, but they remained free from the disease. More observations 
and experiments are required on this point. 
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I. Introduction. 

A PECULIAR TYPE of rahi cultivation for \vh(‘at is carried on in 
the Haveli tract in the north of the Central Province.s. The system 
has been fully described by Mr. Evans ^ when Deputy Director 
of Agriculture, Northern Circle, Central Provinces, so a detailed 
description of the agricultural practice is unnecessarj’. It may, 
however, be stated that the usual rahi crops — wheat, gram, ieora 
{Lathyrus satimis), masw {Ijcm esetilenta), linseed, etc., either pure 
or in mixture — are grown in a soil which for the greater jiart of the 
monsoon months is water-logged. Banks or htmds are erected 
on any level fields and the monsoon rainfall is im])ounded. The 
average rainfall in the tract is 50-60 inches. During the hot weather 
one single cultivation may or may not be given. The fields are 
allowed to be flooded, and in the month of October the water is run 
off. As the field dries, seed is sown with a plough {nari) and here 
again a preliminary cultivation may or may not be given. The 


* Paper read at the Seventh Indian Science Cougrees,, Nagpur, 192U 
1 Agri. Journal of India, Vol. Vni, 1913, p. 117. 
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average out-turn is about 700 lb. per acre of either wheat, gram, 
or masur. This brief outline of the system followed in this tract 
will show that the soil undergoes three distinct phases. There is 
the dry hot weather season when the soil frequently cracks to 
considerable depths. This is followed by a period when the 
soil is submerged by the monsoon rainfall and again by a growing 
season wheji the percentage of moisture in the soil gradually falls 
from full saturation to the hot weather state. It should be explained 
that the soil in itself is a particularly heavy one containing, as will 
be seen from the figures quoted in Table I, nearly 75 per cent, 
of clay and silt. 

Our attention was drawn to these soils by Mr. G. Evans, Deputy 
Director of Agriculture, Northern Circle, Central Provinces, and 
by one of the leading landholders. It was stated that these soils 
are found to be gradually decreasing in fertility but the peculiarities 
of the agricultural ])ractice followed, seemed to call for an examina- 
tion of the bacteriological processes prevailing in the soil. It was 
also pointed out that the early growth of the wheat plant, by its 
dwarfed and yellow colour, indicated nitrogen starvation. It will 
be observed that no manure is applied to this land and the soil 
depends for its crop-producing power on natural recuperative 
processes for maintaining soil fertility. 

It was further considered that saturation with water during 
most of the rainy season might possibly tend to diminish the j>ower 
of the soil to render available the nitrogen contained in it. 

,, II. Experimental. 

Experimental plots were laid out in the year 1915-16 on land 
in the Haveli tract at Kheri near Jubbulpore. Tliree fields were 
chosen ajid cultivated as follows : — ■ 

Plt)t I was not surrounded by a hmid or embankment and was 
ploughed in the beginning of the monsoon and harrowed at intervals 
during the monsoon. 

Plot VI was kept flooded until one month before sowmg time, 
when the water was drained off and one harrowing given before 
sowing. 
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Plot VII followed the usual practice. It was kept flooded as 
long as possible and not cultivated at all. 

The three plots therefore represent the inaxiniuni aeration 
possible, partial aeration and no aeration. 

The following analyses will show that mechanically the soils 
in the various plots were very similar. 

Table I 

Showing the phgsicxil analyses of the soil Jrom tJw various 
experimental plots. 




1 Plot I 

Plot VI 

' Plot VII 

(Mav 


UlO 

\r> 00 

4o-0(K) 

Fine .silt 


.. ; ir)-4() 

U-30 

14-800 

Silt 


U'OO 

J2-70 

1 2 200 

FiiK' sand 


' IdSO 

8-00 

8-200 

(Viarse sand 


. ' 2-80 

0-70 

4-100 

Moislain* 


, 7-70 

7-00 

7-2(M) 

liOMs on iiufuition 


. 5 •.*>() 

r)-7;i 

0-040 



.1 OK) 

1 

0 1 ( 

0-1 15 



Tot\t. , loop) 

100-27 

00-755 

1 


The analyses indicate that the soil is a hea\'y sticky clav. 
It is black in colour and needs to be cultivated at the proper time 
or the tilth is destroyed. The maximum saturatiol^ capacity, as 
determined by Hilgard's method, with a soil layer 1 c.m. deep, 
is about 60 per cent, by weight. 

In the first year definite biological work was not possible, but 
samples of soil were taken at intervals between, the begijining of the 
monsoon and harvest time and determii'atioj's of I'ltrogen as ammo- 
nia, nitrogen as intrat(‘s, total organic nitrogen, humus, moisture and 
calcium carbonate were made. 

A rtisumo of the results is given in Table II (p. 296). 

The remarkable feature about tlu'se results is the small propor- 
tion of easily available nitrogen present in these soils. Further, 
the stock of nitrogen present in the soil to be drawn on for the future 
use of the plant is very small. This fact suggested that possibly 
the nutrition of the wheat plant on embanked land is very closely 
connected with seasonal bacterial activity in the soil and does not 
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depend to any great extent upon accumulated plant food stored up 
in reserve. 

During the next season arrangements for bacteriological work 
were possible, hence a study of the bacterial activity in these soils 
was taken up. The usual biological analyses of the soils dealing 
with nitrogen fixation, ammonification, and nitrification, etc., 
were first carried out and some interesting results were obtained 
which can be summarized as follows : — 

(1) The soils under experiment appear to be very energetic 

in nitrogen fixation, that is, they are able, to a more 
than common extent, to take up nitrogen from the 
air by bacterial processes. 

(2) Having taken up this nitrogen, they have considerable 

aprmonifying power, that is, they are able rapidly 
to break down organic nitrogen to the simpler form of 
ammonia. 

(3) In the conversion of amnronia into nitrate, these soils 

appear to be distinctly weak, the oxidation only 
going as far as the nitrite stage, very little nitrate 
being formed. The figures obtained are tabulated 
in Table III at p. 297. 

Having found from the previous year’s results that these 
soils are of low nitrifying power, experiments were continued during 
the next year with certain additions. In the first place, a series of 
moisture determinations were made in order to see to what extent 
the various methods of treatment modified the water content of the 
soil. The first determination was made in October after heavy 
rains, and Plots I, VI, VII contained 35, 40, and 44 per cent, of water, 
respectively. This showed a considerable difference between the 
embanked plots but by the 10th November the figures had decreased 
to ])ercentages of 23, 23, and 29 for the same plots. Further determi- 
nations were made in January in the middle of the gro wing season 
and the water content of all the plots was uniform at 17 per cent. 
These figures (Table IV) indicate that in a year of good rainfall 
an unembanked field is as good as an embanked one, as the soil 
can only hold a certain amount of water and the impounded water 
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upon the surface does not materially affect its water content at the 
important time of the season, that is, from November to February. 
If the rains stopped early, the moisture conditions of the various 
plots might be different. Apparently, about 20 to 25 per cent, of 
moisture is what the soil wants at sowing time. 

It may be concluded that in a year of good raiiffall no advantage 
accrues from embankments as regards the water content of the 
soil, but as no year of low rauxf all has occurred during the course 
of the experiments, the authors are unable to give data for a very 
abnormal year. 

In making observations of the power of the soil for nitrifying 
ammonium sulphate in Omeliansky’s solution, it was noticed that 
nitrification progressed quickly at a temperature of 30°0., but at the 
lower air temperature prevailing during the cold weather, nitrifica- 
tion was very slow although it proceeded as far as the nitrite stage 
(Table III). 

In soil medium, with oil cake as material to be nitrified, the 
same effect was noticed. 

In this case, however, it was found that ammonification pro- 
ceeded rapidly, about 33 per cent, of the organic nitrogen added 
being ammonified in a period of 15 days. The deficiency in nitrate 
forming power was not improved by the addition of reasonable 
quantities of calcium carbonate or copper sulphate^ (Table V). 

In all cases, only about 3 to 5 per cent, of organic nitrogen added 
to the soil was converted to nitrate within a period of 8 weeks. 

The black cotton soil of the Deccan is of somewhat similar 
texture to the soils under experiment but is given an open cultivation 
and experiences a lower rainfall. From the figures quoted in 
Table V it will be seen that the nitrifying power of black cotton soil 
is veiy superior to that of Kheri soil even under similar conditions 
regarding water content, temperature, etc. 

Incubation of the soil with the cake at 30-33 °C. increased, 
however, the nitrifying efficiency to a very great extent, though 
it was much below the ordinary nitrifying capacity of black cotton 


‘ lipman and Burgess. Univ, Cal Pub. Agri. Scu^ Vol. I, No. 6, pp. 127-139. 
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soil under similar conditions (Table VI). The maximum amount 
of nitrogen converted into the form of nitrate, within a period of 8 
weeks, was only 50 per cent, in the case of Kheri soils as against 
85 per cent, in the case of black cotton soil. Water content to the 
extent of 25 to 30 per cent, seems to be the optimum for nitrification 
for these soils (Table VII). 

The wheat growing area in the north of the Central Provinces 
extends from Jubbulpore dowii to Hoshangabad, the whole area 
being known as the Narbada Valley. In Jubbulpore district the 
system of embankment is common, but it is not practised in Hoshan- 
gabad. In the latter district, the wheat soils are given good open 
cultivation. The rainfall of the two districts and the soils are not 
very dissimilar. It is also considered that varieties of wheat grown 
in Hoshangabad do not suit the conditions prevailing in Jubbulpore 
Haveli and vice versa. 

On determining the nitrifying power of Hoshangabad soil, 
it was found that it was very superior in this respect to Kheri soil 
(Table VI). The authors were, therefore, led to investigate the ques- 
tion whether by reason of the small amount of nitrate available in 
embanked land, wheats grown under such conditions were forced 
to take in their nitrogen in a form other than Jiitrate. Pot experi- 
ments were conducted at Nagpur in which Hoshangabad wheats 
were grown on their own soil ai'.d on soil from an embanked area, 
and Jubbulpore wheats on their particular soil ajid ot) soil from the 
open cultivation at Ho.shaugabad. At the same time the plants 
were manured with I’itrogen either as nitrate or ammonia. Unfortu- 
nately with these heavy clay soils it was found almost impossible 
to obtain good conditions for growth in ])ot experiments and the 
results were not very convincing. It was, however, noticeable that 
nitrogen as ammonia on soils from the embanked tract had,a greater 
manurial effect than the same amount of l itrogen as nitrate. This 
was more marked with Kheri soils and Jubbulpore wheats than 
with Hosliangabarl and Nagpur soils. The Jubbulpore wheats 
showed a marked prcferen.ee for ammoniacal nitrogen particularly 
on Kheii soil but the Hoshangabad wheats did not evince such a 
definite partiality. 
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For the past two years, attention has been particularly paid 
to the changes which the soil may be undergoing in its nitrifying 
capacity, and the results will be found in Table VIII. It will be 
noticed that Plots I and VI sliow a nitrifying power greater than that 
of Plot VII, and apparently this nitrifying power is increasing. The 
results for the years 1917-19 bring out an interesting point indicating 
the intimate .connection between laboratory experiments and field 
conditions. A bad tilth was obtained in that period and this exerted 
a depressing effect on both the nitrifying power and the yield of crop. 

It was generally observed during the 4 years of experiment 
that the young plants in Plots I and VI did not show the yellow 
colour generally attributed to nitrogen starvation. 

III. Summary. 

1. It was brought to the notice of the Agricultural ('hemist, 
Central Provinces, that the embanked rvheat soils of Jubbulpore 
tract were said to be gradually deterioi-ating and givuig low yields. 

2. It was observed that wheat plants in such embanked 
fields appear weak and yellow in the early stage of their groudh, 
but recover later on. 

3. Mechanical analyses of the soil were carried out. The 
soil is heavy and sticky black in colour but less so than ordinary 
black cotton soil. It gets very hard and forms tenacious blocks 
on drying after rains. 

4. Biological analysis shows that these soils possess very good 
power for ammonification and nitrogen fixation, etc., but are rather 
slow at nitrification. 

5. The nitrifying power of the soil increases grtulually when 
rainy weather cultivation is given to the soil. 

6. The out-turn of wheat is also considerably increased when 
some form of rainy weather cultivation is given to embanked wheat 
soils and wheat seedlings from plots receiving cultivation do not 
appear yellow and weak in the early stage of their growth. 

7. From the experimental results obtained it appears that 
young wheat plants in embanked fields are subject to some factor 
which retards their growth. This factor may be due to lack of 
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available nitrogen or the presence of some deleterious substance 
formed under anaerobic conditions. It is evident that whatever 
the cause it is removed b}' cultivation and aeration during the 
monsoon months. 

8. Experiments with a more precise control over field trials 
are in progress with a view to determining the most economic form 
of cultivation. Attention will also be given to determine, if possible, 
the exact factor which interferes with the growth of young wheat 
seedlings on embanked soils. 

9. Experience gained from this enquiry shows the difficulty 
of using pot cultures in very heav}' soils such as that under experi- 
ment. It is impossible to rcj)roduce field conditions in pots -when 
the soil has to be transferred from field to pot culture house. 

Table li 


Showing the amounts oj nitrogen as ammonia, nitrate, 
etc., in variom plots. 


Plots and samples 

Nitrogen 

as 

ammonia 

Nitrogen 

as 

nitrate 

Total 

available 

nitrogen 

i 

1 Mois- 
j ture 

(^arbonate 
of lime 

, Humus 

Nitro- 

gen 

Plot I 






: 

1 

1 

Sample A 

00003.1 

0-00020 

0*00055 

1 

1 

1 • • 

0-12 

i 0-85 

0-03 

do. B 

0-0001.1 

o-ooooo 

0*00081 

15-34 




do. C 

0-00023 

0*00021 

0-00041 

13-00 



•• 

Plot VI 


i 






Sample A 

0 00045 1 

0-00005 

0-00050 

' 

0-14 

1 

0-94 1 

0-03 

do. B 

0-00010 ! 

0-00053 

0-00003 

14 *.33 


i 

. . 

do. C 

0-00024 

0-00021 

0-00045 

14*82 

•• 

! 

•• 

Plot VII 








Sample A 

0*00055 

0-00023 . 

0*<K>078 1 

j 

0-11 

0-96 

0-03 

do. B .. 1 

0*0()(K)5 

0-00045 

0-00050 

15-67 

. . 

, , 

, , 

do. C 

0-00020 

0-00031 

0-00057 

13-88 

• • 

•• 

• • 
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Table III 


Showing nitrification of ammonium sulphate in Omelianskijs solu- 
tion in mgm. at different temperatures. (100 c.c. dilute solution 
containing 10‘6 mgm. nitrogen was employed.) 



Lower temperature of the room 



At 30°f'. 




Plot I 

Plot VJ 

Plot VII 

Plot I 

Plot VI 

Plot vri 


■c 

1 

2 

■5 

4; 

1 

4) 

'S ' 

-t-t 

Cl 

** 

X 

CJ 

H 

'C 

c 

4-1 

Vt 

u 

0 

Z 

c 

1 


S 




1 





9i 


9 

1st week 

5*10 

, . 

traces 


traces 


3-8, ■) 


1-78 


1-49 


2nd week 

1'43 

1*43 

1*43 


l-3fi 


8*90 


8-00 


800 


3rd week 

3*57 

3-71 

3*71 


3*)7 


9-60 

0-8.) 

9'20 

• • 

9-20 


4th week 

8*21 

8*21 

8 '21 


8'90 1 


** 

8'54 


6'40 


6*83 

r»th week 

9‘90 

.. 

8'50 , 

1 

• • 

7-82 ; 


! 

1 

9-40 


7*68 


8-11 

C)th week 

9*00 

0-34 

10'70 

j 

026 

11-40 

0-26 

1 

1 

" 1 

1 






Table IV 

Shomng percentages of nwisture in the various Kheri 
plots in various years. 



Year 1915-10 

Ybab 1916-17 

Year 

1917-18 

Year 

1918-19 

1 

1 

1 


Date of sampling 

Date of sampling 

Date of 
sampling 

Date of 
sampling 

Remarks 


1 

31-10-15 1 1-1-16 

20-10-16 

10-11-16 1 26- 1-17 

20-10-17 

30-10-18 


Plot 1 

Plot VI 

IS-34 ' I3-66 

14'33 , 14-82 

34-6 

1 

22-9 : 16-60 

25-6 

! 

16-9 

In the year 1918-19 the 
samples were taken late 

39-7 

22-6 17-20 

; 30-9 

1 

14-6 

owing to unavoidable 
^ reasons. Due to absence 

Plot VII 

15-67 13-88 

43-9 

1 28-9 16-60 

1 

i 

! 

1 

31-6 

20-0 

of late rains sowing was 
done rather earlier. The 
plots however received 
sufficient rain just in the 
right time when the 
plants were about 6 
mches high. 









Shom)ig nitrification of cake in 


298 


AGRICULTURAL JOURNAL OF INDIA 


[XV, ra, 


1 . 1 :- 


CO 

o 

CO 





o 



p>55i 

"Kj 




p ^ a 

a o 

o o 

•’O fMl 

"S a 7^ 
^ « h 

-s §: s 
^ 8 
'S '' 




BIOLOGICAL ASPECTS OP WHEAT CULTIVATION 299 

Table VI 


Showing nitrification oj cake, in Kheri black cotton and Hoshangabad 
soils incubated at 30°(7. {Cake = 60 mgm. nitrogen per 100 gm. 
dry soil employed.) 




Plot 1 

Plot VI 

Plot vn 

Black cotton 
soil 

__ 

Hfjshanga- 
bad soil 



%N 

aH 

NH, 

Total 

%N 

nitri- 

fied 

o/ 'NJ 

a.s 

nh. 

Total 

%N 

nitri- 

fied 

O/ x 

as 

NH3 

Total 

0 , 

/o 

nitri- 
, tied 

O' N 

as 

NH, 

Total 

0 / V 
/O 

nitii- 

tied 

, O' -w 

/O 

' as 

Nil, 

3\)tal 

0/ NT 
/o 

nitii- 

fied 

2nd week 

4H) 

— 

38*2 

traces 

302 

traees 1 ]S*fi 

i 

34 0 

40 

13-88 

4th 

week 

28-0 

21 0 

28-0 

17-8 

31 1 

10*8 

.T7 

Kl-3 

1 


31 00 

f»th 

week 

23 *2 

26-7 

23-2 

21 o 

15*8 

23*5 

2-8 

1 

1 

78-8 


84-00 

8th 

wef'k 

18*8 

42*8 

14-8 

42-8 . 

! 

0-3 

48 0 

0-0 

80-4 

~ 

78*80 


Table VII 


Showing nitrifieation in Kheri soil Fht I at different saturations at 
30°C. {Cake = 60 mgm. nitrogen per 100 gm. dry soil 

employed.) 



1/3 SATUKATION — 
20 % Moisture 

3/8 SATURATION 

22-5 % Moisture 

1/2 SATURATION — 

30 % Moisture 


% N as 
NH3 

Total 

%N 

nitrified 

% N as 
NH, 

1 

Total 

0/ X 
nitrified 

1 

1 %Na.s 
NH, 

Total 

%N 

nitrified 

2 weeks . . 

33-60 

0-41 

34-39 

0-41 

38-25 

0*53 

4 weeks . . 

3718 

1 1-20 

34-39 

7-08 

28-13 

20*26 

8 weeks . , 

41-00 

4*56 

30*71 

14-39 

22*40 

27*72 

8 weeks . . 

38*31 

8*26 

25*10 

29*88 

13*01 

51*09 


6 
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Table VIII 

Shomng the retie oj nitrification in different filots in different years 
in sampled soil with 60 mgm. nitrogen as cahe and optimum 
moisture content. (Soils were incubated at SO^-SS^O. Amount 
oj nitrogen nitrijied is represented in terms oj percentages and 
includes both nitrite and nitrate nitrogen jound.) 



1915-1916 

___ 1 

1910-1917 

1917-1918 

1918-1919 









1 

1 





Remarks 


Plot 

Plot 

Plot 

Plot 

Plot 

Plot 

1 Plot 

Plot 

Plot j 

1 Plot 

Plot 

Plot 



1 

VI 

Vll 

1 1 

VI 

1 

Vll 

1 1 

VI i 

VII 

I 

VI 

Vll 


After 2 weeks 

Nil 

Nil 

Nil 

traces 

traces 

traces 

' 2-66 

i 

7*40 

6-60 ! 3-4 

1-3 

1-4 

In the year 1917- 











1 



18 the texture 

„ 4 weeks 

9*8 

2*5 

2-5 

21*0 

17*8 

10*8 

' 6-32 

10-66 

8-53 

13-9 

8-9 

77 

, of Plot I was 














1 spoilt due to 

„ 6 weeks 

15-5 

14*8 

13-8 

20*7 

21*5 j 

2;p5 

6-40 

19-20 

14-92 

277 

21-6 

177 

untimely culti- 














vation resulting 

„ 8 weeks 

25*6 

27-6 

21*3 

42-8 

42’8 

46'9 

ISflO 

29-84 

21-32 

38-4 

427 

29-9 

in the forma- 














tion of very 














hard clods and 














that in Plots VI 










1 




and VII was also 



i 






1 


1 


1 

not quite pood. 


Table IX 

Showing average out-turn oj wheat grain per acre in lb. 


Plot 1 

.. 683 

Plot VI .. 

.. 679 

Plot Vll .. 

.. 562 




Articles 

so 


THE FUTURE OF WHEAT PRODUCTION WITH SPECIAL 
REFERENCE TO THE EMPIRE * 

In view of the importance of the question of the future of 
wheals production, the present article has been prepared by Mr- 
A. S. Judge, lately Chief Collector of Customs, Burma, from published 
information and material available at the Imperial Institute. 

Wheat in relation to other cereals. 

In dealing with the question of the consumption and disposal 
of the wheat crops of the world, it is essential that those of other 
cereals should be taken into consideration, for in times of shortage 
these grains are substituted for wheat, and some of them provide 
the staple food of the inhabitants of various parts of the world. 

World's production oj cereals. 

Wheat and rice are the two principal cereals which provide 
food for mankind ; millets, rye, maize, barley, and oats, especially 
the first three, are used as human food in many countries, but are 
more generally used in Western countries for feeding live-stock. 
The annual production of wheat in the world amounts to about 
110,000,000 tons, while that of rice, assuming that the out-turn in 
China is equal to that of India, is about 90 , 000,000 tons. Rice 
is the staple food of the majority of the inhabitants of India, China, 
Siam, Japan, Korea, Formosa, the Philippine Islands, Ceylon, 
and the Malay Peninsula and Archipelago ; it may be estimated 
that more than one-third of the human race are rice-eaters. Wheat 
is the principal bread grain of the Western nations, and the world’s 
production of this grain is almost entirely converted into flour, 
in the course of which process various by-products are obtained 


* Beprinted from the Bulletin of the Imperial Institute, Vol. XVII, No* 2. 
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wMch are used as cattle food. Wheat provides food for the majority 
of the irhabitants of Europe, America, Australasia, Northern 
Africa, and of those parts of Asia where rice is not the staple food. 

In Northern and Central Europe, black bread made from 
rye takes the place of wheaten bread among the poorer classes. 
The estimated production of rye in the world is about 45,000,000 
tons, of which more than one-half is raised in Russia, and one-fourth 
in Germany. Rye is also grown in the United States, and during 
the war Scandinavian countries obtained their requirements of rye 
and rye flour largely from this source. 

There is an increasing demand for wheaten flour throughout 
the world ; it has been replacing rye in Europe, and in Germany 
the average consuiiiption of wheat per capita advanced from 130 lb. 
for the ten years ending 1889 to 190 lb. for the ten years ending 
1912 ; hi Asia, Africa, and South America also natives prefer wheat- 
en flour to their ordinary diet, and the demand for this flour will 
advance as the material prosjierity of the people improves. It is 
fortunate, therefore, that vast tracts of virgin land are available 
for wheat-growing in (’anada, Argentina, Australia, and Siberia, 
and that the old-world granary of Mesopotamia, after centuries 
of neglect and misrule, will again provide abundant supplies of food 
for mankind. The rice-lands in Eastern countries with their teeming 
populations have, on the other hand, nearly all been brought into 
cultivation, and although lands suitable for rice are available in 
Africa and America, it seems doubtful whether rice will be cultivated 
on an extensive scale in these countries. 

The quantity of maize produced in the world is probably 
greater than that of wheat, and the demand for this grain is con- 
stantly increasing. Maize is a prolific crop : it is estimated that 
it takes a little more than half of the acreage laid down to wheat 
to provide the same yield of maize. The United States contribute 
at present about 70 per cent, of the total world’s production ; 
Argentina, Brazil, Mexico, Peru, India, Egypt, Russia, Rumania, 
Hungary, and Italy are also large producers, and British South 
Africa, with a suitable climate for this crop, promises in the future 
to supply large quantities of maize. In Europe and North America 
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maize is chiefly used for feeding live-stock, and the wonderful develop- 
ment of the pork industry of the United States is directly related 
to the maize crop. In parts of South America, Africa, Asia, and 
of Southern and Eastern Europe, maize provides food for the people. 
Although corn-flour is largely eaten in all civilized countries, this 
flour alone cannot be made into a light porous loaf, as can w^heaten 
flour, owing to the difference in the character of its gluten. 

Barley is an important crop in Europe, especially in Kussia 
and Germany ; it is also extensively cultivated in North America, 
Northern Africa, Japan, China, India, and Asiatic Turkey. The 
annual production in the world cannot be short of 50,000,000 tons. 
In Europe and North America the grain provides food for cattle 
and the best qualities are also largely used by distillers and brewers, 
the by-products which result forming valuable food for cattle. 
Barley is eaten, to some extent, by the inhabitants of Northern 
Africa, and also in parts of Asia ; its principal use is, however, 
as fodder for cattle. During the war, barley meal w'as used iji most 
of the European countries for admixture with wheaten flour in the 
manufacture of bread. 

The annual production of oats in the world is estimated at 
about 65,000,000 tons ; oats are raised principally in Ihirope and 
North America, mainly” as food for cattle. An increasing quantity 
of oatmeal and other preparations of this grain is now being consumed 
throughout the world ; in 1918 the United States exported over 
150,000 tons of oatmeal, rolled oats, etc. 

Millets are grown extensively in Asia, Africa, and also in Russia 
and the Balkan States. It is not possible to frame ai'y reliable 
estimate of the quantity of this grain produced in the world. In 
India 52,000,000 acres arc devoted to millets, and the supply of 
human food obtained from this source is only of less importance 
than rice. In China also there is a large cultivation, and in Japan 
the estimated out-turn of grain is 600,000 tons. The production in 
Egypt is 250,000 tons, and millets are grown in many other parts 
of Africa. The production in Russia in 1912 was about 2,500,000 
tons. During the same year Russia produced 1,200,000 tons of 
buckwheat. France and the United States each produced about 
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400,000 tons of this grain, which is also grown in other parts of the 
world. 


World's cormimption oj cereals. 


The followirg statement shows the average consumption per 
head of population, in certain cmmtries, of wheat, rye, barley, oats, 
and maize for the five years 1909-13: 


Country 

Wheat 

Rye 

Barley 

Oats 

Maize 

Total 


lb. 

lb. 

lb. 

lb. 

lb. 

lb. 

Unite*d Kingdom 

3(10 

3 

115 

181 

99 

75^ 

Franco 

493 

64 

61 

292 

59 

96t 

Belgium 

506 

195 

123 

204 

128 

l.lOf 

Netlierlanda 

263 

241 

113 

140 

201 

958 

Denmark . . 

245 

500 

409 

622 

238 

2,014 

Sweden 

J58 

261 

114 

433 

17 

973 

RuHHia ' . . 

180 

244 

72 

155 

18 

669 

Spain 

340 

66 

166 

41 

' 98 

701 

Italy . . 

370 

8 

13 

37 

i 179 i 

607 

Germany . . . . . . ' 

191 

323 

213 

269 

27 

1,023 

Austria 

217 

213 

121 

174 

73 

798 

Hungary 

310 

84 

120 

105 

479 

1,098 

Rumania . . 

181 

3 

22 

70 

481 

757 

Canada 

755 

15 

226 

1,339 

211 

2,546 

United States 

, 319 

18 

81 

349 

1,664 

2,331 

Argentina . . 

1 351 

3 

14 

28 

408 

807 

Japan 

31 

- 

87 

3 

4 

125 

Egypt 

191 

— 

46 

— 

311 

548 

Australia 

328 


28 

116 

125 

597 


The above statement has been prepared from the Statistical 
Notes published by the International Institute of Agriculture, 
Rome. The consumption covers not only human food, but also 
cereals required for feeding live-stock, and for industrial purposes ; 
seed requirements are, however, excluded. 

The consumption of rice in the Western countries of Europe 
and in America may be estimated at between 8 and 10 lb. per capita ; 
the pre-war average in the United Kingdom Was 8 lb., but latterly 
it has been twice as great. In Italy and Spain, where rice is grown, 
the consumption is over 25 lb., and in Egypt it is over 60 Ib. In 
Japan, where rice is the staple food of the people, the consumption 
is about 400 lb. In Italy, Russia, Egypt, and Japan millets and 
buckwheat are largely consumed. 

There are no estimates showing the quantity of cereals required 
for human consumption in the countries mentioned above. It 
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may be estimated, however, that the average consumption per 
capita is 4 cwts. of grain, equivalent to about 300 lb. of flour or 
meal. The quantity of flour or meal obtained from grain varies 
according to the quality of the grain ; it is, however, generally 
estimated that 133’3 lb. of wheat or barley, 153*8 lb. of rye, 166*6 lb. 
of oats, and 117*6 lb. of maize are required to produce 100 lb. of 
meal or flour. The amount of cereals consumed in different countries 
varies considerably : in France and Belgium, for instance, the mass 
of the people eat more bread and farinaceous food than those in 
England and America, who are accustomed to a more liberal meat 
diet. More wheaten flour is consumed in France and Belgium 
than in any other country, the high rate of consumption of wheat 
in Canada being due to the fact that in the past this grain was often 
given to cattle. An examination of the statement given above 
shows that wheat is the principal cereal consumed in the Western 
countries of Europe, whereas in the Central and Northern countries 
generally rye is more largely eaten than wheat. In Rumania wheat 
is extensively grown for export, maize being the chief diet of the 
people. 


Source oj European supplies of cereals. 


The following table shows the average production of cereals 
in certain countries of Europe for the five years 1909-13 (1,000 
tons) : — 


C\>untry 

Popula- 

tion 

Wheat 

I 

Rye 

1 

1 

Bar- 

h*y 

Oats 

1 

Maize 

Kiee 

Millets, 

buck- 

wheat, 

siiclt 

Total 

United King* 
dora 

45,400,000 

1,623 

20 

1,422' 

2,998 

— 

— 


j 6,063 

France 

40,000,000 

8,644 

1,245 

1,<M» 

5,156 

566 

— 

400 

17,060 

Belgium 

7,500,000 

405 

580 

«| 

618 

~ 

— 

— 

1,697 

Denmark 

2,800,000 

145 

451 

543 

776 

— 

— 

— 

1,915 

Spain 

20,000,000 

3,550 

702 

1,626 

422 

674 

350 

3 

7,327 

Italy 

35,000,000 

4,989 

135 

220 

1 

536 

2,548 

500 

130 i 

9,058 

Germany 

65.000,000 

4,156 

11,325 

3,344 

8,642 

— 

— 

400 

27,867 
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Tlie average production, surplus of imports over exports, 
and consumption per capita of cereals in each, country for the 
five years 1909-13 were as follows : 



Average 

production 

Average 
surplus of 
imports 
over 
exports 

Average 

consump- 

tion 


cwts. 

cwts. 

cwts. 

United Kingdom 

2*6 

4*3 

6-9 

France 

8-5 1 

11 

9-6 

Belgium 

4-5 

6*2 

1 

10-7 

Denmark 

13*7 1 

1 

5-3 

19-0 

Spain 

7-3 i 

1 

•4 

! 7-7 

1 

Italy 

5-1 1 

11 

1 

6-2 

Germany 

8-5 j 

1-0 1 

101 


Continental countries, as a rule, protect their agricultural indus- 
tries by imposing import duties on cereals. In Germany the import 
duty on a quarter (8 bushels) of wheat was 11s. 10<i. ; in France 
12s. Zd . ; and in Italy 13s. The import duties in flour were on a 
higher scale. Belgium and Denmark admitted wheat free of duty. 

The above table shows how dependent this country is on 
imported grain. With the exception of Norway and Finland, 
no other country in Europe is so dependent on outside supplies. 
Denmark, in proportion to her population, imports a greater quantity 
of grain than the United Kingdom ; this is due, however, to the fact 
that her live-stock industry is relatively much more highly developed. 
The following table shows the number of live-stock in the two coim- 
tries in 1912 ; 



1 Cattle 

Sheep 

Pigs 


No, 

No, 1 

No. 

United Kingdom 

11,914,635 

28,967,495 

3,992,549 

Denmark 

2,253,982 

726,879 

1,467,822 
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The estimated number of poultry in Denmark was 13,000,000, 
for the feeding of which a large quantity of cereals would be 
required. 

The number of live-stock in the two countries for every thousand 
inhabitants is as follows : 



i Cattle 

•Sheep 

j i"ig8 


! No. 

No. 

No. 

United Kingdom 

. . 262 

638 

88 

Denmark 

.. 1 804 

259 

524 


In Great Britain for every 100 acres under crops or grass there 
are on an average 23 head of cattle, and in Ireland 34 ; in Denmark 
the nuinber is 32, and in Belgium, before the war, there were 42, 
Taking cows and heifers only, there are in Great Britain 9 ’5, and in 
Ireland 11, to each 100 acres ; whereas in Dennrark and Belgium, 
before the war, the number was twice as large as in Great Britain. 

The belief appears to obtain in some quarters that the choice 
of fanners in this country lies between wheat and milk. It has been 
‘ maintained that the breaking up of grass-lands for cereals will result 
in the reduction of the number of cattle. This has not been the 
experience of farmers in Denmark, where there is very little pasturage 
and yet the head of cattle is, in proportion to the cultivated area, 
greater than in England. Corn and live-stock are not competitive 
products, unless cereals are grown on a large scale for sale, leavhig 
no horne-growii. keep for animals. In Denmark less than 8 per cent, 
of the cereals grown consists of wheat, whereas in Great Britain 
the percentage of wheat to other cereals is nearly 30 per cent. 
Now that the national emergency has passed, and large supplies of 
wheat are available in Canada and other British Dominions, the 
question arises whether the cultivation in this country of oats 
and green crops for feeding stock would not pay better than wheat. 
In considering the relative advantages of growing wheat or oats, 
it should be borne in mind that the rates of ocean freight for oats 
are from 20 to 30 per cent, higher than for wheat, which is a heavier 
grain. The dairymen in this country rely principally on pasturage 
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during the summer months, whereas in Belgium and Denmark, where 
pasturage is limited, the farmers by intensive cultivation raise 
green crops for feeding cattle. For many years before the outbreak 
of war a decline in the acreage of arable land was a regular feature 
in the annual returns of agriculture in Great Britain. The reasons 
generally assigned for the reduction of arable land were the increase 
in the cost of cultivation, the growing scarcity of qualified labour, 
and the fall in prices of agricultural produce, due to the intensity 
of foreign competition. There is less risk and outlay involved 
in farming grass-laud, and less labour is required ; it is admitted, 
however, that a larger head of stock cannot thus be carried, and 
in fact that the number may be less than under a mixed system of 
farming. 

The following table shows the average acreage under cereals 
and the average jiumber of cattle and sheep in the United Kingdom 
over a period of years : 


J’enod 

Wheat 

Barley 

1 1 

( )aiB 

'i'otttl 

Number of 
cattle 

Number of 
sheep 


Acres 

, Acres ! 

Acfes 

Acres 



1873 

3,670,000 

, 2,574,000 4,198,000 

10,442,000 

10,153,000 

33,982,000 

1884-88 

2,543,600 

2,349,100 4,314,9(K) 

9,207,600 

10,614,000 

29,'^351,000 

1804-9S 

1,853,600 

2,232,500 4,335,900 

8,422,000 

10,924,000 

30,467,(M)0 

1904-08 

1,675,000 

1,903,300 4,206,900 

7,785,200 

11,660,000 

29,747,000 

1909-13 

1,888,300 

1,847,300 i 4,061,200 

7,796,800 

11,849,000 : 

30,016,000 

1914-18 

2,238,700 

1,737,400 ! 4,529,300 

8,.')05,400 

12,298,000 

28,239,000 

1914 

1,906,000 

1,873,000 ; 3,899,000 

7,678,000 

12,184,000 

27,904,000 

1918 

2,793,000 

1,839,000 5,605,000 

10,237,000 

12,451,000 

28,849,000 


Although in 1917 the cultivated area in Ireland represented 
31 per cent, of the total acreage under crops and grass in the United 
Kingdom, her share of the total acreage imder wheat was only 6 
per cent., of barley 10 per cent., and of oats 30 per cent. Ireland 
possessed, however, 40 per cent, of the total head of cattle and 13 
per cent, of the sheep. In 1918 both the acreage under cereals 
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and the number of cattle in the United Kingdom were greater 
than in any year for the last thirty-five years. England is one of the 
few coimtries in Europe where the number of sheep has been 
maintained in recent years. In most of the Continental countries 
sheep have decreased as the area of arable land has increased, and 
the same tendency is noticeable in the more closely settled districts 
of Australia and Argentina. 

The value of farm and dairy produce imported into the United 
Kingdom is very large, and much of it comes from Denmark. The 
total value of imports of eggs, butter, and bacon in 1914, with the 
share of Denmark in the trade, was as follows : 



Total value ‘ 

Share of 


of imports , 

Denmark 

j 

£ i 

£ 

Eggs 

Butter 

8,6r>2,800 ' 

2,54h,979 

24,014,270 : 

n,D38»()87 

Bacon 

18,225,568 

9, 930, 454 

Total . . 

50,802,644 j 

23,522,070 


With closer settlement on the land and more intensive culti- 
vation it should be possible to increase largely the home supplies 
of farm and dairy produce. 

The average net imports of cereals (flour and meal being reduced 
to grain) into coimtries in Europe for the five years 1909-13 are 
shown in the following table : 




Wheat 

%e 

Barley 

! Oats 

Maize Total 



Tom 

Tom 

Tom 

Tom 

Tom Tom 

United Kingdom 


5,880,000 

30,000 

1,046,000 

963, 0(K) 

2,047,0(H) ' 9,966,000 

France 


1,188,000 

81,000 

132,000 

433,CM)0 

503,000 2.337,000 

Belgium 


1,340,000 

124,(KX) 

330,000 

1 19,000 

438,000 2,361,000 

Netherlands 


598,000 

293,000 

241,000 

117,000 

552,000 1 1,801,000 

Denmark 


171,000 

208,000 

3,000 

66,000 

298,000 ! 746,000 

Norway 


104, 0(K) 

262,000 

99,000 

10,000 

30,000 , .505,000 

Sweden 

* * 1 

191,000 

97,000 

— 

66,000 

42,000 ; 396,000 

Spain 

1 

• • 

108,000 

— 

— 

! — 1 

247,000 415,000 

Italy 


1,448,000 

16,000 

18,000 

, 118,000 i 

368,000 ; 1,968,000 

Switzerland 


460,000 

18,000 

25,000 

! 18D000 ; 

101,000 ' 785,000 

Germany 


1,859,000 

— 

3,245,000 

47,000 , 

, 812,000 , 6,973,000 

Austria 


1,397,000 

316,000 

91,000 

191,000 ! 

594,000 ; 2,589,000 

Total 

•• 

14,804,000 

1,445,000 

5,230,000 

2,311,000 

j 6,032,000 j29,822,000 
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The principal exporting countries of the world for the five 
years 1909-13 were as follows : 



Wheat 

Rye 

Barley 

Oats 

Maize 

Total 


Tons 

Tom 

Tom 

Tom 

Tom 

Tom 

Russia 

4,467,000 

707,000 

3,769,000 

1,005,000 

711,000 

10,659,000 

Germany 

— 

671,000 

— 

— 

— 

671,000 

Hungary 

1,111,000 

348,000 

262,000 

159,000 

219,000 

2,089,000 

Rumania 

1,400,000 

96,000 

390,000 

141,000 

1,138.000 

3,226,000 

Bulgaria 

302,000 

49,000 

40,000 

1,000 

234,000 

020,000 

Canada 

2,680,000 : 

— 

119,000 

238,000 

— ^ 

2,937,000 

United States 

2,910,000 

24,000 

180,000 

64,000 

924,000 

4,102,000 

Argentina 

2,686,000 

7,0tK) ! 

16,000 ! 

! 617,000 

2,940,000 

0,160,000 

British India 

1,349,000 

1 _ 1 

226,000 

1 

20,000 

1,. 595,000 

Algeria 

144,000 

— 1 

114,000 

58,000 

— 

310,000 

Australia 

1,346,000 

- 

2,000 

— 

— 

1,347,000 

Total . . 1 

18,254,000 

1,002,000 

6,108,000 

1 

j 2,283,000 

6,186,000 

! 

33,733,000 


The United States and Argentina send large qiiantities of wheat 
and flour to countries outside Europe ; in other respects the trade 
was mainly with Europe. It will be seen that the importing 
countries in Europe obtained 55 per cent, of their requirements from 
other European countries, of which Russia supplied 35 per cent, and 
Rumania 11 per cent. During the war the Western countries of 
Europe could not draw on Russia or Rumania ; this shortage was, 
however, largely made good by much heavier imports from the 
United States and Canada, as the following table will show : 


Average exports from the Ueited States and (Canada— 1914-16 to 1917-18, 



Wheat 

Rye 

Barley 

Oats 

Maize 

Total 


Tom 

Tom 

Tons 

Tom 

Tom 

Tons 

Canada 

4,712,000 

19,000 

222,000 

663,000 

— 

5,616,000 

United States 

5,576,000 

346,000 j 

626,000 

1,612,000 

1,172,000 

9,132,000 

Total 

10,288,000 

365,000 

748,000 

2,176,000 

1,172,000 

14,748,000 
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In 1917-18 the Union of South Africa exported over 200,000 
tons of maize, and Brazil nearly 240,000 tons. 

Varieties and qualities op wheat. 

There are many varieties of wheat grown in the world. All 
the best wheats grown, however, fall under the group “ Common 
Wheats.” The grain of the common bread wheat varies both in 
colour and quality, and may be either soft or hard. Soft wheat, 
termed “ weak ” by the miller, generally yields flour which makes 
a somewhat small loaf of dense texture ; hard wheat, termed 
“ strong,” makes a larger and a porous loaf. As flour manufactured 
from hard wheat will carry a large percentage of moisture, a greater 
number of loaves of equal weight can be made from a given quantity 
of this flour than from the same quantity of flour obtained from 
soft wheat. The dense-eared types with weak grain give a heavier 
yield per acre than the hard wheats, and on this account they are 
largely cultivated in England, France, Germany, and in many of 
the older and closely settled countries. In countries with severe 
winters, high summer temperature and low rainfall, strong varieties 
with low yields are grown. The best descriptions of hard red 
wheat are produced in the United States, Canada, and Southern 
and Eastern Russia. Generally speaking, the question of strength 
or weakness of grain is dependent on the variety grown, and upon 
soil and climate ; high summer temperature and low rainfall favour 
nitrogen content and flintiness ; cooler and damper climates, 
on the other hand, favour starch production. It has been maintained 
that very high yield and superior strength could not be contained 
in the same variety ; recent experiments made by the Agricultural 
Departments in India have proved, however, that this view is not 
correct, as excellent results, both as regards yield and quality, have 
been obtained from some new types which have been created 
by selection and cross-breeding and distributed among the cultivators 
in India. The average quality of home-grown wheats is low, and 
as wheats of the highest quality can be produced in England, efforts 
are now being made to obtain new varieties of prime quality and 
high yielding capacity. In recent years the standard of excellence 
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of flour has been raised, and there is a constant tendency towards 
the use of hard red wheats, with the result that the proportion of 
such wheats now grown in the world is much larger than it was 
twenty years ago. 

Wheats of widely difierent characteristics are required by 
British millers, and home-grown wheat is nearly all mixed with 
Canadian and other foreign wheats, containing a high percentage 
of nitrogenous matter, to give the right proportion of milling and 
baking qualities for our bread-eaters. In many mills flour is never 
made from one straight lot of wheat ; sometimes as many as four or 
five different lots are blended to obtain a well-balanced product. 
The chief constituents of flour are starch and gluten (albuminoids), 
which arc found in an average proportion of 88 per cent, of starch 
and 12 per cent, of gluten. The gluten may be as low as 6 or 8 per 
cent, in soft wheats, and as high as 15 per cent, in hard wheats. 1 he 
highest gluten content is possessed by the light-amber wheats 
of the durum group, which are grown extensively in Southern 
Europe and Northern Africa, and also in North America and Southern 
Russia. From the flour of this wheat macaroni and similar Italian 
pastes are prepared. The flour extraction of wheat varies in accord- 
ance with the quality of the grain. In America it is estimated that 
a good sample of Kansas Turkey wheat, a hard winter wheat, 
properly milled, will yield products approximating the following 
percentages : bran 12 per cent., shorts 14 per cent., total flour 72 
per cent., which allows 2 per cent, for wastage and evaporation of 
moisture. Since the middle of the nineteenth century the milling 
process has been made much more efficient, partly by the substitution 
of rollers for millstones, and partly by improvements in arrangements 
for cleaning the grain and sorting out the various products obtained 
at different stages of the process. In normal times the average 
yield of flour from wheat in England is about 70 per cent., with about 
28 per cent, of bran and pollards in nearly equal proportions. 
Usually two kinds of flour are made from one mixture. In Hungary 
and other parts of the Continent, where a dark flour can be sold 
or mixed with rye flour, yields as high as 75^and 78 per cent, are 
obtained, and several grades of flour are made. During the war 
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the flour extraction prescribed in this country varied with the 
quality of the wheat, but at first 81 per cent, was the standard, 
raised successively to 83, 88, and finally to 90 per cent, for some 
qualities. In Algeria the flour extraction for soft wheat was at first 
fixed at 74 per cent.? and for hard wheat at 81 per cent. From 
March 1, 1917, the flour extraction in Germany was as high as 94 
per cent. 

The production and distribution of wheat 

IN THE WORLD. 

Wheat has a range of cultivation in the world, both as to 
elevation and latitude, greater than that of any other cereal. It is 
now grown successfully in the tropics and near the Arctic Circle. 
According to the estimates framed by the International Institute 
of Agriculture, Rome, the average area under wheat for the five years 
1909-13 was about 250,000,000 acres, and the average yield of grain 
about 1 00,000,000 tons. These estimates do not include, however, 
the statistics for Serbia, Albania, Montenegro, Thrace, Greece, 
Finland, and Portugal in Europe, and only relate to returns from a 
part of Asiatic Russia and from India and Japan in Asia, to the 
Union of South Africa, Algeria, Tunis, and Egypt in Africa, and 
to the United States, C’anada, Argentina, Uruguay, and Chile in 
America. The European States omitted from the returns produce 
close on a million tons of wheat. China, Persia, and Asiatic Turkey 
are all large producers, but unfortunately no reliable statistics are 
available. It has been estimated that 7,500,000 acres are devoted 
to wheat in the Ottoman Empire, and the production may be esti- 
mated at over 3,000,000 tons. Before the war Turkey was exporting 
both wheat and flour, and with more settled conditions and improved 
communications a great expansion may be expected in this direction. 
The Persians, like their neighbours in Turkey, are largely bread- 
eaters, and not only supply their own requirements, but are able to 
export small quantities of wheat. Wheat has been grown in China 
from the most ancient times, and the production, must be very 
large, as it has been estimated that one-third of the population of 
China does not eat rice. Wheat is grown in nearly every province 
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in China, and is the staple food in the north. Travellers in many 
parts of China have recorded the fact that fields of wheat are the 
most common feature in the landscape. According to American 
Consular reports, Manchuria raises about 10,000,000 bushels of wheat, 
and is capable of producing 300,000,000 bushels. Wheat is grown 
extensively in Morocco, and in normal times the exports exceed 
30,000 tons ; in Abyssinia wheat is the staple food of the people. 
In Mexico and Brazil wheat is cultivated, and the production is 
increasing. It may be fairly estimated that wheat throughout the 
world at the outbreak of the war occupied 275,000,000 acres, and 
supplied about 4,000,000,000 bushels or 110,000,000 tons of grain. 
After deducting the seed requirements, which may be estimated 
at 11,000,000 tons, on the basis of 100 lb. of seed to the acre, there 
would be available as food approximately 100,000,000 tons of wheat, 
equivalent to about 75,000,000 tons of flour. 

In the Northern Hemisphere the wheat harvest begins in India 
in March, and continues in one country or other until September, 
the largest area being reaped in July and August. In December 
and January, Australia and Argentina gather their harvests. The 
world’s harvest is usually reckoned as being finished in February. 

The following table shows the production, imports, exports, 
and consumption of wheat in certain countries for 'the five years 
1909-13. (The trade in flour, expressed in its equivalent weight 
of grain, is included.) 


Country 

Average 

production 

Average 
surplus of 
imports 
over 

exjioits j 

; Average 
! surplus of 
exports 
over 
inipoits 

1 

1 

f Average 

1 consump- 
tion 


Tons 1 

1 

Tons 

1 

To71S ' 

Tons 

United Kingdom 

1,621,000 j 

5,880.000 

~ 

7,501,000 

France 

8,644,000 , 

1,188,000 

— 

9,832,000 

Belgium 

405,000 ! 

1,344,000 

— 

1,749,000 

Netherlands 

j 

131,000 ! 

598,0(H> 

— 

729,000 

Denmark . . 

146,000 1 

171,000 

i 


316,000 

Carried over 

10,946,000 j 

9,181,000 

— 

20,127,000 
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Country 

Average 

production 

Average 
surplus of 
ini ports 
over 
exports 

Average 
surplus of 
exports 
over 
imports 

Average 

consump- 

tion 


Tons 

Tons 

Tons 

Tons 

Brought forward 

10,94(1,000 

9,181.000 

— 

20,127,000 

Norway 

8,000 

104,000 

— 

112,000 

8wedon 

220,000 

191,000 

— 

411,000 

Russia in Europe, excluding Finland 

Russia in Asia (9 Cloveniments). . 

18,180,000 

4,(K)0,000 

: i 

4,407,000 

17,713,000 

Spain 

3,550,000 

1 (18,000 


3,718,000 

Italy 

4,989,(M)0 

1.448,(KK) 

— 

0,437,000 

Switzeiland 

90,000 

4(10,000 


550,000 

Ocrniany 

4,150,000 

1,859,000 

~~ 

0,015,000 

Austria 

1,055,000 

1,397,000 


3,052,000 

Hungary 

4,021,000 

— 

1.111,000 

3,510,000 

Rumania . . 

2,389,000 

— 

1,459,000 

930,000 

Bulgaria 

1,190,0(K) 

— 

301,000 

889.000 

Canada 

5,571,000 

— 

2,580,000 

2,901,000 

United States 

18.088,000 

— 

2,910,000 

15,778,000 

Argentina . . 

4,282,000 

— 

2,586,000 

1,090,000 

Uruguay 

195,(X)0 

— 

35,000 

100,000 

Chile 

009,000 

— 

05,iK)() 

544,000 

British India 

9,573,000 

— 

1,349,000 

8,221,000 

Japan 

057,(MH) 

110,000 

— 

707.000 

Union of South Africa . . 

148,000 

101,000 

— 

309.(K)0 

Egypt 

928,000 

212,000 

— 

1,140,000 

Algeria 

952,000 


143,000 

809,000 

Tunis 

109,000 

20,000 

— 

189,000 

Australia . . 

2,241,000 

— 

1,345,000 

890,000 

New Zealand 

211,000 

— 

20.000 

191,000 

Total 

100,218,000 

15,311,000 

18,371,000 

97,158,000 


The average production of wheat in Europe for the five pre-war 
, years, assuming that the production of the European countries 

6 
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not shown in the above table was 1,000,000 tons, amounted to 
63,000,000 tons. The only countries in Europe producing surplus 
wheat for export were Bulgaria, Rumania, Serbia, Hungary, and 
Russia. The remaining countries in Europe imported 14,804,000 tons 
of wheat, of which 7,338,000 tons were supplied by the countries 
mentioned above, and 7,466,000 tons were obtained from over-sea 
sources, mainly from Canada, the United States, Argentina, Australia 
and British India. During the war the surplus wheat from Russia 
could not be exported, and owing to the disturbed condition of the 
country it is probable that production has been much reduced* 
Since the outbreak of the war a great change in the land tenure 
has occurred in Russia, Rumania, and Hungary. Before the war 
the land in Russia was largely held in communal or in private owner- 
ship, and agriculture on the privately owned land was of a more 
advanced character, and gave a higher yield, (k)mmercial farming 
on a large scale had made considerable progress, and wheat cultiva- 
tion had been rapidly increased. In 1904 it was estimated that 

17.627.000 acres of the wheat acreage was iji private hands, and 

26.126.000 acres in communal ownership. Under the communal 
system the land is held in common ownership by the villages, and is 
distributed at certain intervals among the members of the community 
for individual cultivation. The redistribution of the land tends 
to discourage high cultivation and manuring, aiid there was a 
growing tendency for the richer peasants to rent land from their 
poorer neighbours. Since the revolution took place in Russia the 
peasants have apparently taken possession of the land, and if the 
large farmers, who worked on modern lines, are eliminated, it must 
follow that production will decline, as the peasants will at first be 
poorly equipped with capital and machinery. In Rumania and 
Hungary the large estates have to a great extent been broken up 
into small farms. Eventually the productivity of the land will 
undoubtedly be enhanced by the new system of farming, but it will 
be interesting to see what immediate result the change in the owner- 
ship of the land will have on the production of cereals on a large scale 
for export. It remains to be proved whether the small farmer 
can afford to grow wheat in these countries to the same extent 
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as the late landowners who farmed on an extensive scale, and made 
wheat their main crop. 

" The following table shows the average production of wheat 
for the four years 1914' 17, compared with the five years 1909-13, 
in Allied and Neutral countries in Europe : 


1 

Xamc of country | 

1900-13 

1914.17 



Tom 

Tom 

United Kingdom 
Franco 

Keth('rlandB 

1 Vninark 

Norway 
•Sweden 
►Spam 
! tal y 

Switzerland 


1,021,000 

S,()44,(HK) 

131.000 

145.000 
8,000 

220.000 

3.550.000 

4.080.000 
00,000 

1.772.000 

5.814.000 

143.000 

I 164,000 

j 0,000 

234.000 

3.744.000 

4.466.000 

106.000 


Total 

10,398.000 

16.152.000 


Krai>ce ajid Italy both suffered by the invasion ajid occupation 
of their territories by the enemy. Outside Europe there was a 
gr(>at ex])Hi>siou in wheat cultivation, as the following statements 
will show : 


Nfiiuc 

of country 

1009.13 

1911-17 ! 

1918 



Tons 

Tom 

Tons 

(’an ad a 

United Statc.s 
Argentina 
Hritisli India 
An.'^tralia 


5.574.000 
88,688,000 

4.282.000 

9.573.000 

2.241.000 

7.379.000 
21,799.000 

3.579.000 

9.418.000 

3.129.000 

5.724.000 
25.009,000 

5.950.000 
10.337,0(M) 

.3,i34,(M)0 


T<»tal 

40.358,000 

45.334,000 

50,154,000 


The acreage under wheat in the above-mentioned countries 
in 1918 had increased by 31,000,000 acres, and was 27 per cent, 
larger than the average acreage for the five pre-A\'’ar years. There 
is at the. present time a sufficiency of wheat, even without the 
help of Tlussia, to meet the requirements of the world, and with an 
extended area under cultivation in many countries there should be 
no danger of shortage in the immediate future. The question 
of the transport and distribution of the crops is,|-however, a difficult 
one, and freight charges will be high for a long time. 



318 


AGRICULTURAL JOURNAL OF INDIA 


[XV, III, 


The area under wheat, production, and yield per acre in various 
countries of the world during three jieriods are given in the following 
table. The statement is incomplete, as statistics regardmg several 
wheat-growing countries are not available. It may be estimated, 
however, that the countries not represented produce about 10 per 
cent, of the total world’s production. 



j Area sows 

Total harvest 

Yield per 

acre 

Name of country 

1 Million acres 

Million bushels 

Bushels j)er 

acre 

1881-90 

1891-00 

1909-13 

1881-90 

1891-00 

1909-13 

1881-90 

1891-00 

1909-13 

United Kingdom . . 

2-7 

i 

1 2-0 

1*9 

70 

00 

00 

28 

30 

32 

France 

17-2 

17-1 

10 0 

301 

305 

317 

17 

18 

20 

Belgium 

Netherlands 

Denmark 

1 0-6 

r 

0-5 

0-4 

18 

10 

15 

30 

33 

37 

Norway 

Sweden 

1 . 0-6 

0-G 

' 0-0 

17 

18 

22 

28 

30 

30 

Switzerland 

Riissia-in- Europe .. 

30-2 

1 3()-2 

! 01 *2 

244 

300 

000 

8 

8 

11 

Portugal 

0-7 

1 0'7 

; 0-9 

7 

7 

8 

10 

10 

9 

Spain . . 

9-0 

0-1 

9*5 

1(H) 

92 

130 

11 

iO 

13 

Italy . . 

11-3 

11 -3 

1 1 -0 

IIS 

123 

183 

10 

11 

10 

Germany 

4-7 

4-9 

4-8 

104 

125 

153 

22 

25 

32 

Austria 

2 7 

2-7 

3-0 

43 

43 

00 

10 

10 

20 

Hungary 

0-8 

8-2 

9-0 

118 

143 

109 

17 

17 

19 

Kumania 

3-4 

3-7 

4-0 

42 

52 

88 

12 

H 

19 

Bulgaria 

2-4 

2*4 

2-9 

35 

35 

44 

15 

15 

15 

Serbia 

Greece 

Turkey-in-Europe 

j .. 

3f) 

30 

40 

40 

40 

11 

II 

J] 

Total Europe . . j 

95-9 

103 0 

130-0 

1,203 

1,359 

1.903 

13-1 

13-2 

15 

India .. 

Russia-in-A s i a (9 

20-7 

25*2 

29-2 

259 

243 

351 

10 

10 

12 

Governments) . . 

8-4 

10-0 

9-5 

74 

100 

120 

9 

9 

12 

Jajian . . 

1 *0 1 

11 

1-2 

13 

19 

1 24 

13 

17 

20 

Canada 

2-3 ' 

3 1 

10-5 

38 

55 

204 

10 

18 

13 

19 

United States 

371 

431 

47-1 

427 

559 

085 

12 

14 

Argentina 

2-() ! 

5-7 

15-0 

24 i 

05 

147 

12 

11 

10 

Uruguay 

0-4 

0-0 

0-8 

' 4 1 

0 

(i 

10 

10 

7 

Chile . . 

Union of South 

0-9 

1-0 

1-0 

12 

It 

21 

13 

14 

21 

Africa 

F.f:ypt . . 

()-2 

]*2 

0*3 

1-3 

0- 7 

1- 3 

2 

12 

2 

13 

0 

34 

7 

10 

7 

10 

9 

26 

Algeria 

3 1 

3-2 

3-5 

21 

24 

35 

7 

8 

10 

Tunis . . 

Aibitralia 

New Zealand 

0*8 

3*2 

0-3 

1-0 

4-1 

0-3 

1-3 

7-0 

0-3 

5 

27 

8 

0 

30 

7 

0 

90 

7 

0 

8 

25 

0 

7 

25 

6 

12 

25 

, Total 

87*fi 

lOO-G 

129-0 

920 

1,143 

1,736 

10-5 

11-3 

13-4 

Grand Total . . 

183-5 

203-6 

259-0 

2,189 

2,602 j 

3,691 

11-9 

12-0 

14-1 • 
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One of the most important features in the above statement 
is the rapid increase in the area under wheat in European Russia, 
The average area sown advanced from 36,000,000 acres between 
1891-1900 to 61,000,000 acres between 1909-13, and the average 
production rose from 300,000,000 bushels to 666,000,000 bushels. 
The extension of wheat cultivation had, moreover, by no means 
reached its limit when the outbreak of war checked further progress. 
The returns from Italy are also remarkable, as the increase of 
60,000,000 bushels in the third over the second ])eriod was almo.st 
entirely dm; to the increase in the yield per acre. With the exception 
of J’ortugal, Serbia, Greece, and Turkey, regarclij'g which countries 
reliable statistics are not available, every country in Europe obtained 
a higher yield })cr acre. Compared with tlu* yields of 42 bushels 
])or acre in Denmark, 37 bushels in Belgium, and 32 bushels in 
England and Germany, the averages yield of 15 bushels per acre 
for the whole of Euro])e is low, but with more scientific methods 
of agricidture and improved seed there can be little doubt that better 
residts will be obtained in the backward countries. 

Outside Europe the greatest advance in wheat-growing has been 
made in the following coimtries : 



USUI -00 
Area sown 

1009-13 
Area sown 

191 S 

j Area soami 


MiUiuii aeres 

Million acres 

' Million acres 

1 

(JJamida 

31 

10 o 

i 17-3 

1 

United States . . 

43 1 

47 1 

1 

1 58*9 

1 

Argentina 

5-7 

15 0 

1 

17*9 

India 

25-2 

20*2 

35-5 

Russiadn-Asia '. . 

10*6 

0-5 

14-5* 

Australia 

4*1 

7*6 

11*0 

Total 

91*8 

110*9 

1551 


^Area in 1915 « 
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There was a general improvement in the average yield per 
acre, which is, however^ still very low in most of the countries. 
The crops in Australia suffer from drought, and in Argentina from 
drought and locusts, and in both these countries the average quantity 
of seed sown is only a little more than one bushel to the acre. In 
India rust is the chief enemy, and accounts for the low average 
yield. Bust is the most widespread and serious disease from which 
wheat suffers ; neither sprayuig nor seed treatment have been 
successful in checking the disease. Bust-resistance varies greatly 
geographically, and depends also on the kind of rust : varieties 
resistant in one locality may not be so in another. Known rust- 
proof varieties are generally poor yielders, but by selection and 
hybridization some progress has been made in raising good-cropping 
rust-proof types of wheat in different countries. 

That there has been a great improvement in wheat-growing 
is evident from the fact that, whereas the total area sown advanced 
by less than 25 per cent, in the third over the second period, the 
total production rose* by nearly 48 per cent. In 1898 the late »Sir 
William Crookes estimated that the wheat-growing countries could 
only add 100,000,000 acres to the wheat area of the world, and 
this additional area would produce 1 , 270 , 000,000 bushels, just 
enough to supply the world’s requirements up to 1931 . About 
half the allotted period had elapsed in 1913 , and although only 
50 , 000,000 acres had been added to the wheat area, the production 
had increased by 1 , 191 , 000,000 bushels, nearly equal to the total 
production estimated for the additional 100,000,000 acres. Since 
the outbreak of the war, further extensions, amounting to nearly 
50 , 000,000 acres, have been added, and vast areas of new land 
arc still available in Canada, Argentina, Brazil, Australia and 
Siberia. In the United States and European Bussia further exten- 
sions can be made, and in Asiatic Turkey and Northern Africa 
under settled conditions and with improved communications much 
larger areas will be brought into cultivation. When the forecast 
was made in 1898 it was apparently not recognized that the North 
Western Provinces of Canada possessed some of the most favourably 
situated wheat-growing lands in the world, and that the great 
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sheep-runs of Australia and Argentina, with their scanty rainfall, 
were also suitable for wheat-growing. 

It is difficult to estimate the total area of new land in the 
world which could be made available for wheat-growing ; it must, 
however, be far in excess of the area now devoted to wheat. In 
Australia it has recently been estimated that the area, with over 
10 inches of rain in the growing season, available for grain in New 
South Wales, Victoria, ^outh Australia and Western Australia, 
is nearly 60,000,000 acres. There are also immense areas of good 
land situated in the drier zones of the four States mentioned above* 
which under irrigation or with improved methods of cultivation 
arid improvement in drought-resisting w'heats will eventually 
come under cultivation. In Queensland and the Northern Territory 
there are great areas of land, both within a)).d outside the tropics, 
where climate and soil are quite suitable for wheat-growing. In 
South America new lands suitable for w'heat-growing probably 
equal those available hr Australia, and Canada and Siberia will 
eventually provide even larger areas for wheat. Not only are 
there large reserve areas of land available to meet the growing 
requirements of the world, but the average yield per acre is being 
steadily improved. Under ordinary agriculture and with improved 
types of drought and rust-resisting wheats there is every reason 
to expect that the present average yield of 13 bushels per acre 
will be doubled, and with intensive cultivation the yield cordd be 
trebled. The fears expressed in some quarters that there will be a 
wheat crisis l)efore the end of this century are without foundation. 
It has been predicted that the maximum world’s production of 
wheat will be 6,000,000,000 bushels, and that the earth may in 
the end be able to feed permanently 1,000,000,000 wheat-eaters. 
With an average yield of 26 bushels to the acre the existing wheat 
area cf 300,000,000 acres would produce 8,000,000,000 bushels of 
wheat. 
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United Kingdom. The following statement shows the 
wheat production and the quantities and values of wheat and flour 
imported since 1861. 


Period 

I 

i 

Average 
annual 
production 
of wheat 

Wheat 

Flotjb ^ 

Percent- 
age of 
flour to 
total 
imports 
of wheat 
and flour 

Average 
value 
of wheat 
per ton 

Average 

imi)orts 

Average 

value 

Average 

imports 

Average 

value 


Tons 

Tons 

£ 

Tons 

£ 


£ d. 

1801-75 . . 

3,000,000 

1,724,000 

20,087,000 

262,000 

4,041,000 

12-7 

11 13 0 

1870-90 . . 

2,272,000 

2,791,000 

20,343,000 

647,000 

8,865,000 

18*8 

9 8 9 

1891-05 .. 

1,520,000 

3, 720, 0(H) 

25,540,000 

971,000 

9,424,000 

20*7 

6 17 3 

1906-10 . . 

1,575,000 

4,843,000 

39,550,OOo! 

614,000 

6,493,000 

12*6 

8 3 3 

1911-14 .. 

1,028,000 

5,125,000 

43,484,000 

528,000 

5,673,000 

9*3 

8 9 8 

1915-17 .. 

1,766,000 

[ 4,669,000 

1 

71,275,000j 

579,000 

11,783,000 

11*0 

15 5 3 


There was a great fall in the price of wheat during the latter 
half of the nineteenth century, brought about by the development of 
new wheat lands abroad, and the remarkable reduction in the cost 
of sea-borne transport. An average level of about 50s. a quarter 
was maintained over long periods up to 1874, and then for ten years 
the average was about 45s. After this the price fell rapidly until 
in 1894 a minimum of 22s. 10c?. was reached. For about ten years 
prices ruled low, and then there was a recovery, and the average 
price in 1909 was 36s. 11c?. In 1910-11 the price fell to 30s. 11c?., 
and in 1913 the average price was 32s. 4d. After the outbreak 
of war, owing to the difiiculties of transport, there was an enormous 
rise in prices. In 1873, 3,700,000 acres were devoted to wheat 
in the United Kingdom, but yrith the fall in prices laud rapidly 
went out of cultivation, and in 1904 the acreage sown was only 
1,400,000, the lowest level reached. For the five pre-war years 
the average area under wheat was about 1,900,000 acres ; during 
the war the wheat acreage was largely extended under the stimulus 
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of the Corn Production Act, until in 1918 the acreage was 2,800,000. 
Agriculture is one of the most essential industries, as the permanent 
material prosperity of a nation depends largely on the full develop- 
ment of the agricultural resources of the country. Unfortunately 
farming m this country did not prosper during the period when 
large and cheap supplies of corn, meat, and daily produce were 
imported from abroad, with the result that between 1871 and 1913 
the area under arable cultivation in Great Britain was reduced 
by 4,000,000 acres, or by more than one-fourth, and a large propor- 
tion of the rural population either emigrated or moved into already 
congested industrial centres in search of employmen.t. 

The average consumption of wheat '(im|H)rted flour expressed 
in its equivalent weight in grain) in. the United Kingdom for tlie 
five years 1909-13 was 7,500,000 tons, of whitdi 20 per cent, was 
produced in thtf country, and the balance imjiorted. Tlu* souices 
of our wheat sujiplies are varied, but those coun.tries whicli send 
substantial an.d regular contributions are lew. 

The shares of the principal coun.tries from which the United 
Kingdom draws supplies of wheat are shown in the follov'ing tabic ; 
flour, expressed in its equivalent W(‘ight in grain, is iiu^luded : 



1907 

1908 ' 

1909 

1 

1910 

1911 

1912 

1913 1914 

1915 

19IG 

i 

1917 

nils 

Canada 

13] 

I lG-4 

1 

17-2 

17-1 

lG-9 

21-9 

22-5 

29-7 

23:) 

23-7 

21*3 

2:)*i 

Australia 

7-4 

; 5-3 

9-2 

lJ-5 

. 130 

10-4 

8*7 ; 

I()'r> 

Oi 

3-7 

10 -5 

4*G 

India 

l.VS 

i 

2-7 

12*9 

15-1 

18-0 

2o-r> 

l.rs 1 

9-1 

13-7 

-1*9 

2*5 

i 0-8 

Total from British 
Empire 

30-4 

i 

j 2t*5 

1 

1 

■lOC 

441 

48-5 

53*1 

4G-:> oO-G 1 

! 

37-5 

32*0 

1 

i 

:t4-(> 

30*G 

United States 

28*8 

3G-3 

22-2 

15-2 

17-9 

20-9 

34-8 

3r»'3 

\ 

47*2 

63*0 

58*7 

52*3 

Argentina 

19*0 

29-2 

17-8 

12-8 

13-3 


J2-3 

r)-G 

120 

4*0 

6*1 

15*5 

Russia 

9-9 

4‘7 

15*8 

24*3 

16-2 

i 

7-3 

4-1 

G-3 

0'8 


0*1 

— 

Total from Foreign 
Countries 

63‘6 

76-5 

60‘0 

65-9 

61-5 

46-9 

i 

53-5 

49*4 

62*5 

G7*4 

05-4 69-4 

1 
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The outstanding feature of the trade during the war was the 
great increase in the imports from the United States. 

The imports of wheaten flour since 1909, with the principal 
sources of supply, have been as follows : 



! 

19(10 1 191U 

1 

1011 

1012 

1913 

1014 

1015 

1010 

1917 

1918 


i" 

1 1 

Tonn Tom 

Tons 

Tons 

Tom 

Tons 

Tom 

Tom 

Tons 

Tom 

From British 
Empire 

1 

129,200 i ]()0,(M)0 

188,100 

235,500 

225,400 

173,800 

108,500 

230, 8(K) 

290,400 

300,300 

Foreign countries 

42;t,300 1 338, 0(N) 

315,100 

273,000 

372,000 

320,100 

355,000 

201,100 

420,500 

951,000 

Total 

552,500 498,000 

503,200 

500,400 

508,300 

502,000 j 523,500 

407,000 

710,000 : 

1,317,000 

From Canada 

105,000 ' 130,200 

103,400 

200,200 

208,400 

l() 1,300 

108,000 

211,300 

107,700 

278,200 

Australia 

20,100 1 20,400 

22,200 

34,500 

17,500 

12,400 

100 

• 

25,000 

02,500 

84,000 

France 

20,700 21,000 

20,000 

18,500 

15,000 

18,200 

3,2(M) 

-- 

- 

— 

Oerniany 

20,300 20,400 

14,100* 

18,500 

22,8(K) 

10,800 

— 

- 

— , 

— 

Austria-Hungary 

5,400 1 0,200 

5,300 

5,800 

4,000 

2,800 

— 

- 

1 

— 

United States 

340,400 ! 251,400 

250,800 

201,100 

307, 8(H) 

277,000 

337,000 

259,100 

402,100 ' 

808,200 

Argentina 

4,200 , 5,000 

4,400 

5,000 

0,500 

2,000 

4,400 

800 

800 

100 

China 

— — 

— 

— 

- i 

- 

- 

— 

5,800 , 

i 

40,500 


The United States and Canada are the principal contributors, 
followed by Australia ; before the war France and (Jermany sent 
fairly large quaiitities of flour. During the last ten years the 
milling mdustry in the United Kingdom has been greatly developed ; 
the average quantity of wheat imported between 1896-1900 was 
3,332,000 tons, whereas the average imports for the five years 
1909-13 amounted to 6,166,000, an increase of 1,834,000 tons. The 
imports of flour fell, however, from an average of 1,056,000 tons 
in the earlier period to 532,000 tons in the later period. In 1917, 
owing to the question of freight, imports of flour were above the 
average of the ten preceding years, whilst in 1918, they were greatly 
in excess of the average for 1896-1900. At one time flour milling 
was carried on at the principal centres of production, but the great 
development in the sea-borne trade, and low freights, led to the 
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establishment of flour mills in many of the chief ports in this country, 
such as London, Liverpool, Hull, Glasgow and Leith, where most 
of the wheat is now dealt with. The average quantity of wheat 
milled in the United Kingdom during the five years 1909-13 was 
about 6,800,000 tons, which, on the basis of 70 per cent, of flour, 
would yield about 4,800,000 tons of flour, 900,000 tons of bran, 
and about the same quantity of offals. The development of the 
Tnillin g industry is a most satisfactory feature in the trade of the 
country, as not only does the industry provide employment for 
capital and labour, but the by-products produced in the country are 
of great value to the farmers. Unfortunately m pre-war years these 
by-products were extensively exported to Denmark and Germany. 
The export trade m flour is not of great importance: in 1913 it 
amounted to about 80,000 tons, valued at £856,000, the chief 
customers bemg Kussia, Norway, the Canary Islands, Egypt and 
Malta. There is a considerable export trade in biscuits, worth 
£1,561,000 in 1913 ; iir 1917 the value of this trade was £1,752,000 
but the volume was 20 per cent, less than in 1913. 

Canada. The rapid development of wheat-gi owmg hr Canada 
is reflected in the followuig statement. 



Period 

Acreage 

Pjoductioo 




Tom 

ISSl-iH) 

. . 

2,300,000 

, 1,000,000, 

1901-10 


5,yoo,ow 

1 960, 000 

1 

1909-1 a 

. . 

10,522,000 

1 6,671,000 

1914-17 


1 3,771, 0<X» 

7,379,000 

1918 


17,344,000 

0,724,000 


Though wheat is growur in nearly every province the great 
wheat belt is the western prairie, and the finest wheat region is the 
rich valley of the Saskatchewan, where the grain grows to jrerfection, 
and the yield averages over 26 bushels to the acre. On the prairie 
lands, which were first taken up, wheat is being grown year after 
year without rotation and without manure. In time this must lead 
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to soil exhaustion, but there are vast tracts of land still available, 
the land area of the three Prairie Provinces amounting to 446,000,000 
acres. The further north wheat is grown, up to a certain limit, 
the better it is. The bulk of the prairie wheat is spring sown, and 
the chief dangers with which the farmer has to contend are hail 
in August and early autumn frost. The prevaleii.ce of smut is another 
draw-back, which lowers the yield and value of the grain. 

The average exjiorts of wheat and flour for the five years 
1909-13 were 2,580,000 tons of grain, and for the four years 1914-17, 
4,712,000 toiis. Tlie United Kingdom takes nearly the whole of the 
grain, and about two-thirds of the flour exports. In 1913 the 
exports of grain amounted to 2,100,0(X) tons, and of flour to 350,000 
tons ; the corresponding figures for 1916 were 3,800,000 tons of 
grain and 435,000 tons of fiour. Canada also supplies British 
South Africa, the West Indies, Denmark and Norway Avitli flour. 

Australia. Wheat is the most imjiortant farm crop in 
Australia; approximately half the cultivated area is under wheat. 
The area under wheat is, however, small relatively to the area suitable 
and available for the cultivati(»n of this c}op. 'Hie (piestiou of the 
available land and the limits of profitable c.ultivation was closely 
studied after the outbreak of war, and it has been estimated that the 
present average production of 103,000,000 bushels in the four j)rin- 
cipal producing States, New South Wales, Victoria, South Australia, 
and Western Australia, could be increased five-fold. In addition 
Queensland has large areas which will undoubtedly be cultivated in 
wheat as the country develops. The average yield of wheat per acre 
in Australia is low, in New South Wales the average is under 11 
bushels, and in South Australia, where the crop frequently fails to 
mature, the average yield is only 8 bushels. With such small 
returns wheat only pays in Australia because of the low cost of 
production. Actual figures of the cost of growing wheat on large 
farms in districts of less than 20 inches mean annual rainfall have 
show'll that the crop can be sown and harvested for from 21s. to 23s. 
per acre, yielding 12 bushels. The quality of the wheats growm in 
Australia is not equal to the hard Canadian wheats, but the grain is 
of even grade, and has good milling qualities. 
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The following statement shows the progress made in wheat 
cultivation in Australia : 


Period 1 

Acres under ' 
wheat ^ 

Production 

1 



Tom 

1860-1 

1S2,0()0 

70,000 

1881-90 

3,200,000 

720,000 

1908-09 to 1912-13 .. 

6,791,000 

2,241 ,0(K) 

1913-14 to 1916-17 .. 

1 10,727,000 

3,129,000 


In 1916-17 the production was 4,139,000 tons. The average 
quantity exported during the five pre-war years was 1,345,000 tons. 
Durii’g the war large stocks of wheat acoumulated in. Australia 
as shipping Avas not available for its transport. In normal times the 
United Kingdom takes over 70 per cent, of the total exports of grain., 
and about 15 per cent, of the flour. Australia supplies flour to South 
Africa, Portuguese- East Africa, the Straits Settlemei'ts at'd the 
Philippine Islands. In. 1913 it was estimated that 37,000.000 
bushels, or about 1 ,000,000 tons of wheat, were milled in Australia. 

India. Wheat is grown in all the provinces of India, but 
principally in the north-western part of the Indo-Gan.getic plain, 
and in the Central Provinces, Central India and Pombay. About 
35 per cent, of the total area is m^der irrigation either in wdiole or 
in part. 

. The area under wheat, and the production since 1891, are shown 
in the following table ; 


l*eriod 

Average 
area under 
wheat 

1 Average 
produeti on 



Tons 

1891-1900 .. 

26,200,000 

6,20(1,000 

1905-09 

28,000,000 

8,500,000 

1909-13 

29,200,000 

9,.570,0(K) 

1914-17 

31,070,000 

9,440,000 

1918 

35,470,000 

10,330,000 
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In recent years the extension of irrigation in the Punjab has 
brought into cultivation large areas of land. The large increase 
in the cultivation in 1918 was due, however, to the substitution of 
wheat for other crops. In Upper Burma, especially in the Shan 
States, land suitable for wheat is available, and will be cultivated 
when communications are improved and settlers attracted to the 
land. There is no immediate prospect of largely extending the 
wheat area in the principal wheat districts of India, where most 
of the land is cultivated, except by substituting wheat for other 
crops ; the production can, however, be increased by improved 
methods of cultivation a.nd by employing improved strains of wheat. 
The introduction on a large scale of the improved Pusa wheats, 
which are rust-resisting, and give a greater yield than some of those 
at present grown, will, in time, increase the production. Wheat 
and barley are often grown together, and consequently the wheat 
shipments frequently carry a i)ercentage of barley. Under the 
terms of the Indian wheat contract of 1907, the admixture of barley 
was limited to 2 per cent. In recent years a great improvement 
has been made in shipping grain free from dirt, but the 2 per cent, 
allowance of barley is sometimes exceeded. Roft wheats are largely 
grown in India for export ; for local consumption hard wheats are 
preferred. In the drier districts the durum varieties are cultivated, 
and a few hard winter wheats are to be found in the North. The 
substitution of superior tyj^es of wheat for the soft wheats now 
grown would not only meet the local demand, but also the require- 
ments of the export trade. The exports of wheat from India, which 
average less than 15 per cent, of the total production, are influenced 
by the yield of other food crops, and in times of scarcity the exports 
fall away. Owing to the failure of the monsoon rains in 1918, wheat 
is being imported into India from Australia. 

Between 1909-13 the exports of wheat and flour averaged 
1,349,000 tons of grain. The United Kingdom was the best market 
for the grain; (Wtinental countries also drew supplies from India. 
In 1913-14, 80,000 tons of flour were exported, principally to Eastern 
countries. The flour-milling industry in India is makin g good 
progress, but the bulk of the wheat consumed locally is converted 
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into flour in th.e primitive native mills, and the flour extraction is 
much greater than is customary in Western countries. The consump- 
tion of wheaten flour in India is increasing. 

Mesopotamia. This country is one of great promise for cereal 
production. Before the war wheat and barley grown in Mesopotamia 
were shipped from Basra. The volume of the trade was not large, 
and it was carried on under great difliculties. Plans had beeii prepared 
for constructing important irrigation works which wo\ild have brought 
large areas of land into cultivation. Under Turkish rule, however, 
little progress had been made in carrying out these works, and the 
exactions of the local officials gave little encouragement to the Arab 
cultivators to extend their holdings. vSince the war, under British 
administration, large areas have already been brought into cultiva- 
tion by the extension of irrigation canals, and under a just rule 
cultivators are now able to enjoy the fruits of their labour. Coin- 
raunications by road and river have been improved, and Basra, 
transformed into an up-to-date port, promises in the near future to 
be an important centre of the cereal trade ; its position in regard to 
India is of some importance, as the surplus crops of Mesopotamia 
will be a safeguard for India when the monsoon rains fail in that 
country. 

Britisll Bast Africa. During recent years the cultivation 
of wheat has been taken up by farmers with considerable success. 
The Nasin Gishu Plateau, covering an extensive area at an 
altitude of from 6,000 to 7,000 feet, is an excellent wheat country 
as regards both yield and quality ; the country is flat and free 
from timber, and offers every facility- for growing wheat on a large 
scale. Proximity to the railway is one of the important factors 
in growing wheat for export, bxit with improved communications 
there should be an outlet for the surplus produce of the country. 
Rust has proved troublesome, but as the res\ilt of experiments, 
rust-resisting varieties of seed are being found, and it should be 
possible for this country to produce wheat on a large scale. 

Northern Africa. More than four-fifths of the total area 
cultivated in Egypt is capable of growing wheat, but so long as 
cotton remains the highly remunerative crop it is, there is very 
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little chance of extending wheat cultivation. During 1916 and 
1916, owing to restrictions in the cultivation of cotton, the wheat 
area was extended and there was a surplus of grain for export. 
Under normal conditions, however, Egypt does not grow enough 
cereals for her own requirements. 

Algeria and Tunis produce at present about 1,200,000 tons of 
wheat, of which Algeria exports about 160,000 tons. Hard dunira 
wheats are largely grown by the natives, and the yield per acre 
is very low. The French colonists in Algeria, who cultivate the 
ordinary French varieties of wheat, obtain very good returns. 

Wheat and barley are extensively grown in Morocco, and 
before the war the wheat exports averaged about 30,000 tons. 
With the improvement in the position of the natives under a better 
government, more land will come under cultivation, and by the 
provision of roads and railways o^iening up new districts, and reduc- 
ing the cost of transport to the ports, there should be a great advance 
in the export trade. There are numerous flour mills in Morocco, 
and also factories for making Italian pastes, for which the hard 
Moorish wheat is very suitable. 

Russia. Before the war wheat cultivation in Russia was 
making great progress, especially in Little Russia, and the regions 
of the Middle and Lower Volga, where the finest qualities of wheat 
are grown. In the Caucasus, Turkestan «and Western Siberia 
the wheat areas were also being extended. "WHieat exports had 
been advancing, and for the five pre-war years amounted on an 
average to nearly 4,500,000 tons a year. The quantity exported 
varied greatly from year to year : in 1908 it was as low as 1,500,000 
tons, and in 1910 it was over 6,000,000 tons. Siberia has hitherto 
been little developed as a wheat-growing country ; in Eastern 
Siberia rye is grown, and forms the chief food of the people. This 
cormtry, with the neighbouring Chinese Province of Manchuria, 
contains vast tracts of land suitable for wheat. Owing to the 
upheaval in Russia and the utter disorganization of all means of 
transport, it cannot be expected that exports of cereals on a large 
scale will be renewed, even for some time after peace has been 
restored. 
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United States. At the present time the United States is 
the greatest wheat-producing country in the world. The estimated 
production of wheat in 1919 is 1,300,000,000 bushels, or about 
34,800,000 tons, which represents more than one-fourth of the world’s 
production of this cereal. The following statement shows the great 
advance made in the cultivation since the outbreak of the war : 

a 


Period 

— 

Average 

area 

Average 

production 

Average 
yield per 
acre 




Acres 

Bushels 

Bushels 

1801-1900 

. • 


43,100,000 

559,000.000 

13-0 

1900-09 



46,678,000 

659,509,000 

14*0 

1909-1 .‘I 



47,068,000 

685,259,000 

14-5 

1914-17 



63,038,000 

799,320,000 

150 

1918 



68,862,000 

917,000,000 

15*5 

Eeti mated 

1919 .. 


•• 

j 1,300,000,000 

l 

1 

1 

1 


The Government encouraged farmers to grow wheat by various 
concessions and by fixing the price of wheat in advance of sowing ; 
for the 1919 crops the farmer was guaranteed $2*20 per bushel, 
which compares favourably with the average farm price of 87 cents 
per bushel obtained between 1909 and 1913. Prior to the outbreak 
of war exports had been declining : the average exports for the five 
pre-war years were 2,900,000 tons, whereas between 1900 and 
1902 they had averaged 6,790,000 tons. This decline was caused 
partly by the small aimual increase in production, and also by the 
rapid increase in population, and by a considerable increase in per 
capita consumption. With increased production, and economy in 
consumption during the war, exports have rapidly advanced and 
averaged 6,676,000 tons between 1914-17. The exportable surplus 
for 1919 is estimated at from 360,000,000 to 400,000,000 bushels^ 
or rather less than one-third of the estimated production. Various 
kinds of wheat are grown in the United States. The hard spring 
wheat, comprising about one-third of the total production, is grown 
principally in Minnesota and the two Dakotas, and is of fine quality, 
similar to the wheat produced in the Middle Volga region of Bussia. 

7 
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About two-thirds of the wheat is winter sown, and a very large 
proportion of this is raised in the Central Western States, of which 
Kansas is the most important. The wheats grown in the Pacific 
and Western Intermontane districts are generally soft and starchy. 
Much unimproved land suitable for wheat still 'remains, and the 
yield per acre, which is low, can be improved. The flour manu- 
facture of the United States is of great magnitude, and the flour 
export trade much the largest in the world. Between 1903-07 
the exports of flour averaged 1,336,000 tons ; before the war the 
average had fallen to about 1,000,000 tons, but during the war the 
average was nearly 1,500,000 tons. The United Kingdom is one of 
the principal customers for flour ; South American coiintries also draw 
their supplies largely from this source. During the war France and 
Italy had to indent extensively on the United States. 

Argentina. Although at so early a date as 1686 wheat grown 
in La Plata was milled at the city of Cordoba, it was not until 1890 
that Argentina ceased to import both wheat and flour. In recent 
years the production of wheat has increased to a remarkable extent, 
as the following statement will show : 


Period 

j i 

Area under 
wheat 

Production 

Exports 


Acres 

Tons 

Tons 

1890-91 . . 

1,981,000 

790,000 

‘ 370,000 

1899-1900 

8,027,000 

2,587,000 

1,804,000 

1907-08 

14,227,000 

4,900,000 

3,400,000 

1909-13 .. 

15,785,000 

4,282,000 

2,586,000 

1914-17 .. 

17,864,000 

5,900,000 

1 


The principal type of wheat cultivated is the semi-hard red grain 
of Italian origin, which does not degenerate ; soft French and 
Russian varieties, and also hard durum wheats for the local manu- 
facture of macaroni are also grown. In the colder southern regions 
a fine quality of hard winter wheat is now being cultivated. 
The prmcipal wheat areas are in the provinces of Buenos Ayres, 
Cordoba, and Santa F^, but it is probable that the wheat belt will 
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tend gradually more south, and that La Pampa will eventually 
become the chief source of supply. The breaking iip of large estates 
has enabled the people to buy small farms, and has encouraged 
settlement on the land. The average yield of wheat per acre is 
small, as the crops are liable to damage from locusts and drought. 
With improved cultivation and abatement of the locust plague 
Argentina should be able to raise much larger crops. There are 
numerous flour mills in the country, and exports of flour have 
averaged about 120,000 tons, the bulk of which goes to Brazil. 

Brazil. Wheat was formerly grown in the three most southern 
States, but the cultivation was abandoned because of the prevalence 
of rust. The advance in the material condition of the people of the 
country has resulted in a demand for wheaten bread in place of bread 
made from mandioca flour, and to meet this demand, flour and 
wheat have been largely imported from Argentina. For some years 
past the Government have given every assistance and encouragement 
to farmers to grow wheat, and good progress has been made in the 
southern States, where there are extensive areas of land suitable 
for wheat and also well provided with transport facilities. There 
appears to be every prospect that Brazil will be able to supply her 
own requirements in course of time, and also have an exportable 
surplus. 



THE GROWTH OF THE SUGARCANE • 


BY 

C. A. BARBER, C.I.E., Sc.D., F.L.S. 

II 

In the last article the growth of the sugarcane plant was traced 
from the planting of the seed or set to the stage when the actual 
canes appear above ground. This embraces the first of two well 
defined periods of growth. The second period covers the whole 
subsequent growth in the cane field and consists essentially of the 
lengthening and ripening of the crop of canes. To recapitulate, 
the manner in which the main stem gives off leaves, branches and 
roots was described, together with the way in which each of these 
branches develops. A complex mass of shoots is thus formed 
underground, each of which sends up its leaves above the surface, 
for the purpose of obtaining fresh supplies of food from the air 
while, at the bases of the leaves, it gives, off series of ever thicker 
roots which penetrate the soil, and supply it with watery solutions 
of the salts needed for its further growth. In this growth, the 
parts, originally laid down in one plane, alter their relative positions 
according to their individual needs of space in the ground 
and in the air, and it was pointed out that many of them are 
crushed out of existence in the process. The roots and leaves de- 
velop much more rapidly than the stem bearing them, and, when 
the latter emerge from the ground, the leaves are already three to 


^Beprinted from the Initrnatioml Sugar Journal, November, 1919 . 
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four feet in length, and the plant is furnished with a mass of fibrous 
roots, penetrating deep into the soil. This, the first period of growth, 
is mainly subterranean, and lasts until the stems of different orders 
of branching begin to appear between the bases of the lower leaves. 
The main points to be kept in view, in this period, are the upward 
increase in the thickness of the stems, the protrusion of buds from 
the leaf axils and the increasing length and thickness of the new 
seta of roots formed on successive joints. The new leaves, mean- 
time, become larger and broader at their base, soon completely 
encircle the joint till they overlap and enclose the younger parts 
in a set of enveloping sheaths. The length of successive joints 
also increases until all the growing parts are raised above the level 
of the groun.d. 

The early stages of growth were traced both in cane seedlings 
and in plants grown from sets, and it will not be out of place here 
to refer to the reasons why the latter method of propagation is 
always adopted in sugarcane cultivation. While flowering is very 
common in the sugarcane, seedlings caimot be grown on an estate 
scale for several reasons. There are many kinds in which flowers 
are not found at all. In others, the flowers in the arrow are im- 
perfect or, even when apparently perfect, turn out to be sterile. 
Again, when good seed is found in abundance, it is so small that 
planting from seed would be a very difficult and tiresome operation 
on a plantation. The time taken between sowing and reaping, as 
has already been pointed out, is much greater in the case of seed- 
sown plants than in those grown from cuttings. While a set will 
produce its bunch of canes in about 12 months, the plant produced 
from seed needs more like 16 to 18 months for it to reach maturity. 
As will be seen later, the canes in a bunch vary a good deal among 
themselves, but this is much more prominent in canes grown from 
seed. An even field cannot be expected from seed-grown canes. 
Lastly it is only within recent years that it has become generally 
known that good canes can be raised from seed, but, even if it had not 
been so, the vegetative method of planting would always have held, f <» 
the following reason. Plants produced from sets are exactly like their 
parents, and all the good wd bad qualities of the variety are handed 
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down intact. The set is merely a piece of the parent plant cut 
off and given a prolonged existence. On the other hand, all seed- 
lings difler from their parents. Sometimes these differences are 
so small that they are immaterial, and this is the case with cereals 
and other plants cultivated for their seeds ; but, in the sugarcane, 
potato, apple, mango, orange, the variations are so great that a 
large number of worthless plants appear if seed is sown. Thus, 
besides the lateness of the crop grown from sugarcane seed, it would 
consist of a heterogeneous mass of canes differing in ripeness, sweet- 
ness, thiclcness, and every conceivable property. This subject has 
been introduced here because the writer has, not infrequently, 
been asked to send seeds of good cane varieties, raised on cane 
seedling experiment stations, for growth on a crop scale. 

The second period of growth consists, primarily, of the elonga- 
tion of the stems by the formatioji, in rapid succession, of much 
larger joints than those found underground, in other words, of the 
formation of canes. The two periods are much more pronounced 
in grasses or grain crops, and the growth in the second period is, 
in these cases, obviously for the purpose of lifting the flower into the 
air, so that pollination can be effected, and raising the fruit from 
the ground so that it can mature in the sim and be scattered abroad. 
The wild sugarcanes are still propagated by seed, and the habit 
has smvived in the cultivated forms, although it is no longer neces- 
sary, for them to be spread in this way. As we have noted, many 
cultivated canes still form flowers and seeds, ajid this formation 
closes the second period of growth. When the young canes are 
detected between the lower leaf -sheaths, they have already reached 
about normal thickness, and practically nothing is added afterwards 
in this direction. Further, no more branching or root formation 
is expected or desired. This is due, in the first place, to the absence 
of the forcing influence of the moist earth, and, in the second, to 
the repressive influence of light, at any rate on root formation. 
“ Shooting ” and “ Booting ” therefore cease abruptly, and, although 
the buds and root-eyes continue to be formed in each joint as usual, 
they remain dormant or inactive. But it is because of their pre- 
sentee that it' is possible to plant any out piece of cane, with the 
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certainty that it will grow into a new plant. The moment darkness, 
together with moist earth, are present, both bud and root push 
their way out and commence growing. 

Branching and rootmg of the aerial portion of the cane plant 
are undesirable from many points of view, and it will be well to 
consider the matter in some detail. They weaken the plant, use 
up stored sugar and, by changing a further portion of it to the 
uncrystallizable form, decrease the richness of the juice. The 
canes of a healthy field crop should be as free as possible of lateral 
shoots and masses of roots, and, if these appear, we must adopt 
any means at hand to check their development. In many moist 
climates, where the rain collects in the bases of the older leaves, 
we find, on tearing them off, that the buds are shooting and the 
roots protruding. The usual remedy for this is to strip away the 
dying leaves at intervals. This “ trashing ” of the canes is regu- 
larly done in certain tracts, and might, perhaps, be extended else- 
where.- In North Bengal, for instance, • where trashing is unknown, 
it is easy, after stripping the canes at harvest, to mark the exact 
points in the formation of the cane, when the rains set in and when' 
they ceased to flood the land. About half-way up the cane, the 
joints bear protruding buds and masses of crumpled roots, w'hile 
these are not present above or below. It is accordingly suggested 
that, at the outburst of the monsoon, a thorough trashing should 
be tried, to see if this loss of energy can be prevented. - • 

When canes fall down and he on the ground, shoots and roots 
are not long in making their appearance on the joints of the fallen 
plant, owing to the comparative absence of fight and the contact 
with the moist soil. The canes, in recovering their normal position, 
become cmved and twisted, and the difficulty of reaping and handling 
are increased. "Various means are adopted in different places to 
prevent this “lodging” of the ganes, from earthing thenx up at the 
base to tying them roughfy together. Probably the latter method 
reaches its greatest development in the Glodavari district of the 
Madras Presidency, where abundant irrigation and rich soil, coupled 
with forcing heat, cause the canes to grow to an enormous height 
(Plate XVn, fig. 1). In one o&se a field was observed by the writer 
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in this locality, with an average height of twenty-five feet. As this 
part of India is liable to be visited by violent cyclonic storms during 
the growing season (Plate XVII, fig. 2) a series of “ wrappingp ” have 
been introduced, and form an important part of the cane cultiva- 
tion. Several of the older, but still firmly adhering, leaves of the 
cane are twisted to form a band, with which it is tied to its neigh- 
bours, while still quite small ; and the whole field is treated in this 
way (Plate XVIII, figs. 1 and 2). In a well grown field as many as seven 
successive wrappings are done, and the last two or three are perform- 
ed from the tops of immense three-legged stools; the operation 
costing a great deal then, because of its comparative slowness. 
But this is not all. The bunches of cane shoots thus brought 
together are fastened to upright bamboos sunk in the ground, and 
these are of three sizes. At first thin bamboos support the cancs 
of a single bush; later on, larger and thicker ones bring several, 
bushes together, and, lastly, tall, thick bamboos complete the wnrk 
and unite several of the full grown clumps together. The bamboos, 
especially the large ones, last for several years and are carefully 
stacked at harvest time ; but it will be readily understood that the 
practice, as a whole, is a very expensive one. The following notes 
were compiled at the Samalkota Sugar Cane Fann. The wrappings 
in a fairly good crop may be put down as costing Es. 37-12-0 per acre. 
The bamboos, which are floated down the Godavari River in lafts 
from the hills, will cost Rs. 100 per acre in a freshly started planta- 
tion, and, after that, an annual charge of Rs. 26 should cover the cost 
of replacements. After three or four years, the old bamboos may be 
sold for odd fencing, etc. , at from Rs. 6 to Rs. 8 per acre per annum* 
There is thus a recurring charge for bamboos of about Rs. 20 per acre 
per annum. 

Shooting of the cane, often accompanied by rooting, is met with 
when there is any sudden check in growth. This check may be due 
to accidental injuries, the attack of insect pests or other causes, 
and, if arrows are formed, the upward growth of the cane ceases. 
In these cases, the roots and leaves still actively growing and s en di fg 
up masses of formative material, the stream of nutriment is sufficient 
to force the buds to activity and they shoot out and form bunches of 





PLATE XVIII. 



Fig. 1. Wrapped Cane, Samalkota Farm. 



Fig. 2. Full stand of Red Mauritius Canes, 10 months old. 
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green leaves. As flowering often takes place before reaping, this is 
difficult to check. The cutting of the young arrows makes little or no 
difierence, and the formation of seed is of far less detriment to the crop 
than the shooting of the buds. Many of the new seedlings flower 
profusely, which is not to be wondered at when we remember that 
they arise of necessity from freely flowerir.g parents. But the nwtter 
should receive some attention, and, when possible, such new varieties 
should be introduced as have a minimum of this habit. When 
flowering commences, all growth in len^h ceases in the sugar-fornring 
joints, and thus the weight of cane per acre is reduced ; but it does 
not appear that flowering is of itself detrimental to the richness of 
the juice, because, as the results of many analyses, it has been found 
that at harvest canes that have arrowed frequently show a richer juice 
than those that have not. 

When all is said and done, the best way in which to rid one’s self 
of undesirable characteristics in plants is by the selection and growth 
of varieties which prove thenxselves to be free from them in the locality 
concerned. We have now reached the stage of fightuig diseases in 
crops by indirect methods. The sereh in Java was mastered by abolish- 
ing ratoons, raising planting material in separate hill nurseries, but 
chiefly by the introduction of new kinds of cane ; ai\d most faults in 
the canes can be combated by a similar trial of new varieties, coupled 
with good cultivation and special attentioni to draii'age — ^in other words, 
in giving the newfy irrtroduced canes every chance of normal, healthy 
growth. And the rrratters of shootiirg and rooting and the lodging 
which encourages them should be approached in the same maimer. 
Some varieties shoot and root much more than others, and the extent 
to which they do so varies greatly in different places. Many new 
seedlings with excellent properties of yield and juice are hable to fall, 
and show this tendency more in some climates and soils. A cane 
which will stand erect in a stiff, clayey soil, will, for instance, fall all 
over the place in light alluvium ; ai;d this accounts for the extraordi- 
nary favour extended to White Tama in the light soils of Bengal. The 
most interesting case met with by the writer was that of a seedling, 
raised in the Coimbatore sugarcane station, which produced a tufted 
bush of shoots with two or three long canes emerging therefrom. 
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These canes never rose from the ground, but crept along its surface. 
One of them was found winding in and out like a snake among the 
neighbouring seedlings, and, upon being extricated, measured twenty 
feet in length. 



REPORT OF THE J.IN(,'OLN TRIALS. 


The Report of the Tractor Trials held under the auspices of 
the Society of Motor Manufacturers and Traders, during the month 
of September 1919, is at last published. It is rather an imposing 
publication, perhaps it is fairer to say that in importance it compares 
well with the event which it concludes. I use the word “ con- 
cludes ” advisedly, since, as was widely advertised prior to the 
trials, they were not complete, nor was their purpose served in its 
entirety, until the observations of the interested spectators were 
supplemented by the advice of the experts who were appoi)ited 
judges and teclmical advisers. Properly to have fulfilled its imr- 
})ose, there can be no denying that it should have been issued 
within, at the most, a few weeks of the conclusion of the trials. 
However, this much can at least be said : the compilers have done 
their work well, and the Report is worth waitmg for. 

It is conveniently divided into four sections. The first part 
gives the regulations and conditions governing the trials ; it is 
concluded by a maj) of the ground. The second portion gives the 
report of the technical adviser and mcludes a number of useful 
tables. The third part is also the work of the teclmical adviser ; 
it embodies technical descriptions of each and every tractor, each 
description being accompanied by an illustration of the machine 
to which the text refers, as well as a reproduction of the chart 
which graphically shows the tractor’s behaviour durmg the dynamo- 
meter test of its drawbar capacity. The fourth part contains 
the judges’ report of the tractors and imirlements. There are, in 
addition, some supplementary illustrations, showuig the types of 
dynamometer used, and the form of interchangeable rim used by 
the Garner tractor. The Report occupies m all just one hundred 


♦ Keproduoed from CtmnWy Lifcy dated 17th January, 1920. 
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pages, of which it may be said that a single one omitted would have 
been missed. 

Technical adviser’s the lion’s share. 

The technical adviser, Mr. G. W. Watson, appears to have been 
responsible for the lion’s share of the work. His Eeport is sum- 
marized under ten heads; (1) Drawbar dynamometer tests, (2) 
Ploughing resistance dynamometer tests, (3) Ploughing heavy lard, 
(4) Ploughing cliff land, (5) Haulage tests, (6) Threshing tests, (7) 
Mechanical construction, (8) Safety of operation, (9) Results of test 
on oil, (10) Brief descriptions of each make and type of tractor 
engaged. 

With the method of carrying out the dynamometer tests, I 
do not propose to deal. I described it at some length a short time 
ago. The important results are tabulated, in company with essen- 
tial technical data regarding each tractor, in Table I, which also 
contains much useful information directly obtained as a result of 
the drawbar tests. Perhaps that colunm which will make the 
most direct appeal is the one in which the capital cost per 100 lb. 
of drawbar pull is given for each tractor. The actual horse power 
available at the drawbar, when the tractor is travelliiig at its normal 
speed, is calculated and tabulated, as is also a figure for the “ effi- 
ciency of adhesion ” of the machine. The last named is obtained 
by proportioning the drawbar pull to the Aveight of the tractor. Its 
value, as Mr. Watson points out, lies rather in the indication which 
it gives of the efficacy of the type of spud employed. No infor- 
mation, unfortunately, is vouchsafed as to the type of spuds actually 
used by each tractor during the trials, so that the information will 
be of direct use to the individual manufacturer only, although 
the user will, of course, reap the benefit ultimately. 

Ploughing resistance. 

It was a novel and sound idea to ascertam the ploughing resis- 
tance of every field in which trials were held. Mr. Watson states 
that it was his intention to go further than this, and test each indi- 
vidual type of plough, from which bold venture he was prevented 



REPORT OP THE LINCOLN TRIALS 


343 


by the difficult transport conditions then prevailing. For strictly 
accurate results such tests are perhaps necessary. At the same 
time the labour involved would be considerable, as I doubt whether 
it would be sufficient to make comparative tests in one class of soil 
only, and to test each type of plough in each class of soil would be 
work for an army of technical advisers, even of such as Mr. Watsoji 
evidently is. The results of these tests are given, in conjunction 
with other data relating to the performances of the tractors m the 
fields concerned. That is to say, the ploughing resistance of the 
heavy land is tabulated with the figures which give the perfor- 
mance of the machine in that land (Table II), while those obtained 
from the light land are similarly collated with the data in connec- 
tion with the work jjerformed there. In the heavy land, the soil is, 
with two 'exceptions, classed as heavy clay, and the resistance, 
apart from the two exceptions named, varies from 10 90 lb. to 
12-30 lb. per square inch of the sectional area of the furrows cut. 
That is to say, for a furrow 10 in. wide by 5 in. deep, the resistance 
would vary from fifty times 10-90 lb. to fifty times 12-30 lb., namely, 
.'>9.5 lb. to 615 lb. The difference in the nature of the soils worked 
on the second day of the trials is much greater than this. They 
v-ary front light loam through medium to heavy loam, and the 
ploughing resistance from 7-91 lb. to 11-40 lb. per square inch, .so 
that a plough cutting a furrow 10 in. wide by 5 im deep might call 
for an effort of anything between 395 lb. and 570 lb. 

Other figures of interest in these two tables (II and VI) refer 
to the delays which occurred to the tractors during the day. The 
stoppages were remarkably feAv. Lengthy stops only occurred in 
connection with the ploughs. Mechanical troubles of any conse- 
quence occurred only in respect of two tractors, and apart from 
these the maximum time lost by any tractor was thirteen minutes. 

Acres per hour. 

Most of the important data have been separated from Tables II 
and VI, and are repeated in smaller tables, of which III, IV and V 
give the ploughing capacity of the tractors in acres per hour, the 
fuel cost per acre, and the fuel cost per hundred pounds of drawbar 
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pult respectively while operating in the heavy soil. Tables VTI, VIII 
and IX give corresponding figures for the work performed in 
the light land. On account of their simplicity, I do not doubt 
that these tables will make the most direct appeal to the lay reader, 
particularly as the information which they give answers so aptly 
the questions which the farmer naturally asks when he is endea- 
vouring to discover the type of tractor most suited to his needs. 
The figures will no doubt surprise many. In no case, for example, on 
the heavy land does any tractor accomplish the “ even time ” of 
tractor working ploughing “ an acre an hour.” The nearest ap- 
proach is made by the Fiat, which turned over an average of 0'87 
or nearly seven-eighths of an acre per hour. (h\ the light land 
one tractor exceeded the average of an acre per hour. The tractor 
concerned was, however, the only steam-engined machine present. 
Of internal combustion engined iuachines the Fiat again showed 
to best advantage, accomplishing 0-93 acre per hour. Twenty- 
three out of thirty-four tractors averaged more than half an acre 
an hour on heavy land, and all but five of the thirty-seven which 
demonstrated on the light land exceeded that amount. The average 
of all the tractors on the heavy land was 0’578 acre per hour, and 
on the light land 0’663 acre per hour. 

Fuel costs. ‘ 

In regardito cost of fuel per acre most divergent results are 
recorded. Certain machines used petrol throughout, and therefore 
show to considerable disadvantage on the fuel account, even if they 
may have the advantage of the others in other directions. Apart 
from these, however, the difference between best and worst is 
almost '200 per cent, in excess of the former. On the heavy land, 
for instance, whereas the Blackstone Track-layer ploughed an acre 
at a cost of 3s. for fuel, and tops the list on that account, the Illinois 
used paraffin costing 8s. llrf. while doing the same work. It is only 
fair to point out that the latter machine was cutting soil a little 
stiffer than that which fell to the portion of the Blackstone, and was, 
moreover, plougliing to a depth of 6 in. as against the Blackstone ’s 
5 in. An even greater discrepancy is observable between the 
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performance of the paraffin users on the light land. While the Fiat, 
which again heads the list, ciits an acre for 2s. 5d. the corresponding 
figure for the Pick is Bs. 4rf. and in this case, although the Pick was 
cutting half an inch deeper than the Fiat, the soil which it was 
worki ng was considerably lighter in texture than was the case with 
the least expensive worker. Some of the difference may be due to 
variation in plough draught, although there is no evidence either 
for or against this assumption. In any event, he would be a bold 
man who would assert that any one plough could be 200 per cent, 
more difficult to haul than the lightest draught implement n\ade. 
The average cost of fuel per acre on the heavy land, considering 
paraffin-burning tractors only, was 5s. lii., and on the light land 
4 $. 2\d, 


Fuel cost in relation to drawbar effort. 

I was at first somewhat puzzled and I anticipate that many 
readers of the Report will be similarly at a loss to understand the 
object in publishing Tables V and IX, which give the cost per 
hundred pounds of drawbar pull per acre ploughed. After con- 
sideration I have come to the conclusion that the object is that of 
correcting the previous tables which give the cost per acre, in which 
tables the incidence of drawbar pull, or depth ploughed, is not 
taken into account. Thus in the heavy land the Blackstone Track- 
laying tractor costs least of any for fuel per acre ploughed, but 
when the pull exerted is taken into account it is beaten by the 
Clayton and the Overtime, both of which pulled four-furrow 
ploughs as against the Blackstone ’s three. However, since the soils 
worked by thfi three tractors were pretty much the same in all cases 
and the depth of ploughing the same too, it would appear that the 
smaller machine is really the more economical after all. The 
evidence, however, is not conclusive. 

Hauung and threshing. 

All the machines which demonstrated their ploughing capacity 
were not entered for the hauling and threshing. As a matter of 
fact, only eleven took part in the haulij^ test and thirteen in the 
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tlireahing trials. The results were generally satisfactory but figures 
showing the comparative performances of the tractors are not given 
for reasons which are explained in the Report. The outstanding 
lesson of the haulage test was the superiority of rubber tyres. 
Every machine fitted with rubber tyres made the ascent of the 
somewhat steep hill successfully. Of the steel-tyred tractors only 
the heavy weights, which the judges state are too heavy to be 
suitable for tillage operations, were able to perform satisfactorily. 
That the tractors all came through the threshing test without trouble 
only goes to confirm what I have pointed out in these columns, that 
given a tractor engine which is in good condition, and provided 
that the corn is fed judiciously, there is hardly a tractor on the 
market which is not capable of driving a full-sized thresher. It is 
when the machine has to be hauled from place to place that trouble 
commences, the standard types oi thresher weighing five tons. 

Mechanical construction. 

As regards the mechanical construction of the tractors, the 
Report is a favourable one. One or two exceptions to this general 
rule are mentioned, and the technical adviser’s opinion as regards 
safety of operation is also favourable, except as regards two machines. 
No special results seem to have accrued from the tests of the used 
engine oil ; whatever there are seem to be negative. Probably the 
truth is that the trials were not of sufficient length to affect the oil 
one way or the other. 

Descriptions : the dynamometer charts. 

With the descriptions of the tractors we do not need to concern 
ourselves here. Each is followed by a brief specification of the 
machine, the data therein contained being largely the same as 
that which is tabulated in Table I, with additions. The dynamo- 
meter chart for each machine concludes each description. 

Judges’ report. 

The judges have been outspoken, but somewhat brief. Not 
a few manufacturers will find themselves disagreeing very strongly 
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with the opinions expressed, which in a way is as it should be. At 
the same time, there will be many, I anticipate, who will complain, 
with some show of justice, that the judges have not been sufficiently 
explicit. It hardly seems fair, for example, to say, as occurs in the 

Report of one machine, that “Its performance was not 

satisfactory,” without amplifying the statement by indicating the 
direction wherein lay the fault. Readii^g through the Report, it 
becomes apparent that the authors are of the opmion that the limit 
of tractor weight for satisfactory use on the soil, except when the 
weather is particularly favourable, is 2 tons 10 cwts. With that 
o})inion there will be few to disagree. On the other hand they 
appear to think that the heavier machines are well adapted for 
haulage on the road, and the farmer who wishes for a general pur- 
pose machine Avill have to decide for himself as to how far he can 
reconcile these conflicting conditions. Where a machine is con- 
sidered as a hauling engine, the tendency appears to have been to 
condemn it if it is not proj^erly equipped with a double set of brakes 
and springs. The judges, too, have set their faces against any 
tractor which, in preparation for threshing, has to be reversed into 
position ; in several cases they state : “ It is inconvenient to set in 
position on account of the fact that it must be placed with its rear 
wheels towards the tliresher.” They are equally intolerant of the 
tractor which has to be set transversely to the belt drive. 

The Report. 

The Report is available to the general public, and I am asked 
to state that all enquiries concerning it shoidd be addressed to the 
Tractor Trial Organizer, the Society of Motor Manufacturers and 
Traders, Limited, 83, Pall Mall, London, S. W. 1. Its price is 3s. post 
free and remittances must accompany orders. 


8 
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MOTOR TRACTOR TRIALS AT NAGPUR. 

A VERY interesting “ meet ” was held at Nagpur during the 
week beginning on the 16th February, 1920, for the purpose of 
testing motor tractors. Of the tractors which were expected to 
compete only five were present. These were as follows : — 

Bated 





B. H. P. 

eight 

F. I. A. T. 



25 

6,000 lb. 

Lauson 



25 

6,600 „ 

Austin 



25 

2,900 „ 

Fordson 



22 

2,600 „ 

Cleveland 



21 

3,000 „ 


Though the numbers were few yet the interest of these trials 
lies in the fact that it is the first time that tractors have been tried 
in black cotton soil. These black cotton soils dry and crack 
very deeply and, when cultivated, turn up in big concrete-like 
blocks. Under these conditions a light machine, travelling partly 
on the land and partly in the furrow, is completely at sea, however 
useful such light machines have proved themselves in other parts 
of India. 

The F. I. A. T. with a drawbar adjustment, which enables 
the tractor to work on the land while having sufficient power and 
weight to stand the consequent side pull, was quite capable of 
tackling any class of land put before it. 

Neither the drivers nor the implements were up to the standard 
of the tractors. The former obviously lacked the experience which 
will come with time. In some cases drivers did not lift their ploughs 
at the headlands and thus put a strain on the plough beams which 
no implement is designed to stand. 

( 348 ) 
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The implements were all of the self-lift type. Riding ploughs 
Would have made much better work, the extra man involved is of 
little moment compared to the resulting advantages. 

None of the tractors had any mechanical trouble during the 
week in spite of the severe strain involved, and this is a good proof 
of the standard of mechanical perfection to which tractors have 
now attained. 

The Agricultural Department of the Central Provinces is to 
be congratulated on the success of the demonstration. Messrs. 
Clouston, Allen, Flymen and the other members of the staff, along 
with the numerous visitors who were enrolled as judges and obser- 
vers, had a very arduous week. 

Tt is obvious, however, that with some 60-60 makes of tractors 
presently on the market, trials of a more extensive nature are 
required. Trials for all India are needed, and from the data pro- 
vided by them, the various provinces will be able to select according 
to their special requirements. [G. S. Henderson.] 

* 

* * 

CATTLE SALE AND DEMONSTRATION AT PUSA. 

A Public Auction of surplus cattle from the pedigree dairy 
herd was held at Pusa on the 17th March, 1920, These sales, 
first started in 1917, have created a considerable amount of interest 
and have undoubtedly focussed public attention on the possibilities 
of dairy cattle breeding in India. The cattle were brought forward 
in excellent bloom considering the character of the season, and 
the following prices were obtained. 

Rb. a. If . 

Montgomery bull-calves . . . . . . 14 1,526 0 0 

Cross bred bull-calves, Montgomery cow X Ayrshire 

bull 16 705 0 0 

Montgomery cows , . . . . . 6 1,260 0 0 

Total . . 36 3,490 0 0 

The next sale will be held in November and, among other 
stock, over 20 cows are expected to be exposed. 

On the TUftyniug preceding the sale a demonstration on tractor 
implements was held. Both sale and demonstration were well 



350 


AGRICULTURAL JOURNAL OF INDIA 


[XV, in. 


attended. A representative gathering of planters was present 
and general opinion testified to the enormous importance that the 
tractor movement foreshadows to India. -[G. S. Henderson.] 

He 

He * 

THE USE OF SOME SALT WATER PLANTS AS FODDER. 

There are a number of plants the use of which as fodder is 
well known to the cultivators in one tract, but is altogether unknown 
in another. This may be due to the fact that good nutritious fodder 
may be scarce in the first and ample in the other. The poverty of 
the agricultural areas in the llatnagiri district has taught its people 
to put to use every bit of available land for agricultural purposes, 
and when it is not possible to make such use of it, an attempt is 
made to employ sucli plants as may be naturally growing on poor 
land for some economic purpose. In that district fodder-growing 
areas are poor and limited. The cultivators therefore have to fall 
back upon such plants as can I'aturally grow on the poorest of soil 
and can take care of themselves. In the tidal rivers and creeks 
along the west coast also, there are immense areas which are natu- 
rally covered with several kinds of mangroves, and with grasses 
and holly-like shrubs. The people of the Eatnagiri district have 
learnt long ago the use of these plants as fodder. These plants 
grow in salt water and naturally contain a considerable quantity of 
salt. They are, nevertheless, fed, even in normal years, as green 
fodder to milch cattle and if possible to work animals also. 

The holly-like Marmidi {Acanthus ilieijoUus) is a spiny plant 
about three to four feet in height. It is erect and unbranched. Its 
leaves resemble those of holly (Ilex) from which it derives its specific 
name. The plant is generally out before it flowers and chopped 
up into small bits of three inches long. They are then beaten 
with a strong rod so that all the spines are completely broken down. 
This is the only precaution that is to be taken in preparing the 
stuff for feeding. For one animal a man can prepare the stuff, 
ready for feeding, in half an hour. In the beginning a small quantity 
of bhusa or cotton seed or any other similar food may be added 
to the feed before giving it to cattle. About twelve to fifteen 
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pounds per day can be given to an animal which begins to like it in 
about a couple of days. When the animal is accustomed to it, 
the hhusa and cotton seed may be dispensed with. The spiny 
nature of the plant need not deter one from using it ; the spines are 
not at all dangerous as in the case of the prickly pear ; even young 
boys can be readily trained to prepare fodder from it. 

The tivir {Avicennia officinalis) is a large spineless shrub and 
covers large areas in the creeks. This plant can be readily dis- 
tinguished from other mangi’oves by its peculiar roots which project 
in large numbers above the surface of the mud. Branches of this 
plant may be cut and fed to cattle. 

The luvi {Mlnropus villosns) is a small gi’ass about twelve 
to fifteen inches loifg and grows in salt water mud. This is simply 
pulled out of the mud with its roots. It is first washed in salt 
Avater so as to remoA'c the greater part of its mud and again in fresh 
water to remove every trace of mud. It is immediately fed to 
cattle— preferably to milch cattle. About ten to fifteen pomids is 
given to every animal. 'I’liere is hoA\'e\er a limited quantity of 
this grass available in the tidal ci’eeks. 

The first tAvo ])lants are very common in all the creeks and rivers 
of the AA'est coast of India. They are apparently iiever utilized by 
cattle OAAiiers of the Kolaba, Thana and 8urat districts. They are 
stroj'gly lecommended to use these ])lants as long as the}' arc avail- 
able and thus increase the supply of fodder. [H. P. Paeakjpye.] 

% 

jie He 

EXPERIMENTS WITH PEANUTS IN MESOPOTAMIA. 

An interesting accoAint of a successful experiment AA’hich has been 
carried out at Fellujah, on the riA'er Eujdirates, about thirty-eight 
nxiles west of Baghdad, Avith peanuts (or groundnuts) has been 
furnished by the United f^tates Consul at Baghdad. One of the most 
remarkable facts about Mesopotamian agriculture is the scarcity 
of oil-seeds among the crops groAvn in the country. Practically no 
oil-seeds are groAvn, with the exception of a little sesamum and linseed. 
In other oriental countries oil-seeds are quite commercial crops. 
India, for instance, has its linseed, cotton-seed, coconut, gingelly. 
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rape-seed, sesamum and peanuts, while Egypt has its cotton and sesa- 
mum and China its soy-beans. Considerable interest, therefore, is 
attached to an experiment with peanuts carried out at the Fellujah 
gardens. The plot was only a small one, about one-tenth of an 
acre being sown. The crop was sown in June and lifted in Nov- 
ember. The person m charge of the garden had no experience of 
this crop, and sowed somewhat too thickly and overwatered, yet 
the crop, when first lifted, gave 2,660 lb. of nuts, which, when dried, 
gave 1,800 lb. per acre. Peanuts are already in considerable 
demand in the country, large quantities being imported from India. 
At present the nut is consumed in a parched state or is used for 
making sweetmeats. Later on, when the production exceeds this 
local demand, the surplus will find a ready export as an oil- 
seed. The variety grown at Fellujah is a tight-husked variety, 
with a very attractive bright-red skin, kno-wn as the small Japanese. 
It was not known in Mesopotamia before, and local merchants 
who have seen samples have been much interested. It has the 
advantage of being quick growing, requuing comparatively little 
water, and being easy to dig. Demonstration plots at various centres 
were to be arranged for this year by the Agricultural Department, 
and it should be possible to establish this crop on a commercial scale 
in a short time. [Journal oj the Eoyal Society of Arts, dated Feb. 6, 
1920.] 



PERSONAL NOTES, APPOINTMENTS AND 1RANSFERS, 
MEETINGS AND CONFERENCES, ETC. 


WOODHOUSB SOUTHERN MEMORIAL FUND. 

This fund is now closed. The total amount of the fund is 
Us. 2,578-4-0 (including Rs. 24-2-0 interest allowed by the Bank 
and deducting Rs. 7-14 discount on cheques). Rs. 317 was 
specially contributed by subscribers for the memorial to 
Air. Southern and Rs. 180 for that to Mr. Woodhouse. The final 
allotment, therefore, is : — 

Rs. As. P. 

Woodhouse Memorial .. .. 1,220 10 0 

Southern Memorial . .. .. 1.357 10 0 

It is proposed to send Rs. 1,200 to the Government of Bihar 
and Orissa and Rs. 1,300 to the Government of the Punjab for the 
purpose of endowing a Memorial Prize in the Provincial Agricultural 
College. The balance of Rs. 78-4 will be expended on enlarged 
photographs of the deceased officers to be hung in the Council Room 
of the Agricultural Research Institute at Pusa. 


J. Maceeitna, 

23rd Marcel, 1920. Agricultural Adviser to the 

Government of India. 
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The Hon’ble Sir Claude Hamilton Archer Hill, K.C.S.I., 
C.LE., has resigned his office as an Ordinary Member of the Council 
of the Governor General of India, in charge of the Department of 

Revenue and Agriculture, with effect from the 11th April, 1920. 

* 

* 4: 

The Hon’ble Sir Thomas Henry Holland, K.C.S.I., K.C.I.E., 
has been appointed to be a Temporary Member of the Council of 
the Governor General of India in the vacancy caused by the resig- 
nation of the Hon’ble Sir CTaude Hamilton Archer Hill, K.C.S.I., 
C.I.E. 

♦ 

* « 

The Hon’ble Mr. R. A. Mant, C.S.I., I.C.S., Secretary to the 
Government of India in the Department of Revenue and Agriculture, 
has been granted privilege leave for three months with effect from 
the 27th March, 1920. He reverts to the Punjab on the expiry of 
the leave. 

* 

Mr. J. Hullah, I.C.S., has been appointed to officiate as 
Secretary to the Goveiiuuent of India in the Department of Revenue 
and Agriculture, with effect from the 27th March, 1920. 

4 = 

4t 4< 

The services of Mr. J. Mackenna, M.A., C.I.E., I.C.S., 
Agricultural Adviser to the Government of India and Director of 
the Agricultural Research Institute, Pusa, are replaced at the 
disposal of the Government of Burma, with effect from the 
afternoon of the 30th April, 1920. 

♦ 

He H« 

Mr. F. M. Howlett, B.A., F.E.S., Imperial Pathological 
Entomologist, is appointed to the charge of the office of the Forest 
Zoologist at the Forest Research Institute and College, Dehra Dun, 
in addition to his own duties, with effect from the 7th February, 
1920. 

He 

He He 

Mr. C. M. Hutchinson, B.A., M.A.E.B., Imperial Agricultural 
Bacteriologist, has been granted combined leave for eighteen months, 
wdth effect from the 10th April, 1920. 
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Mr. J. H. Walton, B.A., B.Sc., Assistant Agricultural 
Bacteriologist, has been appointed to officiate as Imperial 
Agricultural Bacteriologist during the absence of Mr. Hutchinson on 
leave. 

* 

* ♦ 

Dr. W. H. Harrison, D.Sc., Imperial Agricultural Chemist, 
has been granted combined leave for eighteen months with effect 
from the 15th April, 1920, or any subsequent date from which he 
may avail himself of it. 

* ■* 

We offer our hearty congratulations to JMr. H. E. Annett, 
Agricultural Chemist, Bengal, who has been awarded the degree of 
D.Sc. by London University in recogiutiem of his work of alkaloids. 

45 

5f5 4« 

Colonel A. Smith, F.R.C.V.S., Principal, Bengal Veterinary 
College, has been grantee! combineel leave ioi six morrths from 
the 25th Mareh, 1920. 

♦ 

45 * 

Mr. P. J. Kerr, M.R.C.V.S., I.C.V.D., Superintendent, Civil 
Vetcriirary Deirartmeirt, Br n.gal, on returir from leave, is a2)2roir'teu 
tem 2 )orarily, with effect from the 2(jth ]\larcli, 1920, to the 25ost of 
Seconel Imperial Officer, Bengal Veterinary College, and to act as 
Principal of that College during the absence, on leave, of Colonel 
A. Smith. 

* 

45 45 

Mr. D. Quinlan, Superintendent, Civil Vetei-inary Department, 
Bihar and Orissa, was on privilege leave for a fortnight with effect 
from the 25th February, 1920. 

♦ 

* * 

Mr, P. B. Riley, M.R.C.ACS., has been a 2 ) 2 Jointed to the Indian 
Civil Veterinary Department, with effect from the 21st March, 
1920, and has been posted to Bihar and Orissa as Second 
Superintendent, Civil Veterinary Departmenf. 

>|c 

45 46 

Colonel J. Farmer, C.I.E., F.R.C.V.S,, Chief Superinten- 
dent, Civil Veterinary Department, Punjab, has been granted 
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combined leave for eight months with effect from the 20th February, 
1920. 

* 

* * 

Mr. T. F. Quirke, M.R.O.V.S., has been confirmed in the 
Indian Civil Veterinary Department, with effect from the 8th 
February, 1920, and has been placed on special duty in the oflice 
of the Chief Superintendent, Civil Veterinary Department, Punjab. 

* 

* * 

The University of Bombay has conferred the degree of M.Ag. 
on Mr. G. S. Kulkarni, Acting Assistant Professor of Mycology, 
Agricultural College, Poona. 

He 

♦ sie 

The Hon’ble Diwan Bahadur L. D. Swamikannu Pillai, 
Avargal, I.S.O., is appointed tj act as Director of Agriculture, 
Madras. 

4e 

He He 

Mr. R. Cecil Wood, M.A., from date of relief of his appoint- 
ment as acting Director of Agriculture, is appointed to act as 
Deputy Director of Agriculture, Livestock, Madras. 

* 

* 4c 

Rai Bahadur K. Ranga Acharyar, Avargal, Government 
Lecturhig and Systematic Botanist, Coimbatore, has been on 
privilege leave for two months from the 22nd March, 1920. 

♦ 

♦ * 

Mr. G. Evans, C.I.E., M.A., Deputy Director of Agriculture, 
Central Provinces, has been granted an extension of leave for two 
months. 

4> 

4c 4c 

Mr. C. W. Wilson, M.R.C.V.S., Superintendent, Civil Veteri- 
nary Department, Central Provinces, has been granted combined 
leave for eight months from the 19th March, 1920. 

4c 

4c 4c 

Mr. W. N. Harvey, Deputy Director of Agriculture, Northern- 
Eastern Circle, Gorakhpur, has been granted combined leave for 
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eight months and eight days with effect irom the 15th March, 
1920. 

* 

* * 

Mr. -A. McCracken, I.C.S., Burma, has been appointed Assis- 
tant Rice Commissioner, Rangoon, from the 12th February, 1920. 

* 

♦ He 

Captain T. D. Stock, who has been appointed by His Majesty’s 
Secretary of State for India to the Indian Agricultural Service and 
who has been posted to Burma to fill the post of Economic Botanist 
in the local Department of Agriculture, reported his arrival at 
Rangoon on the forenoon of the 24th December, 1919. 

It: 

* * 

Mr. D. F. Chalmers, I.C.S., Director of Agriculture, Buriiui, 
has been granted privilege leave for six months with effect from 
the date on which he may avail himself of it. 

H* 

♦ He 

Mr. C. R. P. Cooper, I.C.S., Officiating Registrar, Co-operative 
Societies Department, Burma, is placed in charge of the Office of 
Director of Agriculture, Burma, in addition to his own duties, 
in place of Mr. D. F. Chalmers proceeding on leave. 
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Les Amendas et 1 ’ Huile de Palme (Palm Kernels and Palm Oil. — By 

B. Baillaud and A. Stieltjes. Institut Colonial de Marseille ; 

1920. 

This volume is chiefly an analysis of the evidence given before 
the British Committee on. Edible and Oil-producing Nuts and 
Heeds, which reported to Parliament in June 1910. It contains 
much that is of interest to India, es})ecially in view of the discussion, 
on the conservation of oil-cakes in the country which took j)]ace at 
the recent meeting of the Board of Agric\dt\ue at Pusa, 

The oil-producing nut and seed industry is one which was 
greatly influenced by the war, and the authors con.sider that Englai’.d 
alone of the countries engaged has been. al)le to j)rofit by developing 
its market for edible oils. The major part of this development 
has been concern.ed with the African oil palm, Elacis, but coconut 
and other oil-producers, such as groui'dnut, sesamum, etc., have 
also shared. Great Britain has, in fact, not only captured a great 
part of the trade in oil palm products formerly cemtered in Hamburg, 
but has also encroached extensively on the hitherto undisputed 
supremacy of Marseilles in the other edible oils. 

It is pointed out that, before the war, Germany, having a 
people who constime edible oils largely under normal (pre-war) 
conditions, concentrated on the crushing of ju-oducts sucli as Elaeis 
kernels and C(>pra which give a high yield of oil, while in England, 
edible oils being in relatively small demand, the seeds such as linseed 
giving the best cakes and industrial oils were most dealt in. This 
initial advantage in the edible oil industry was developed by the 
Germans by means of protective duties which enabled the German 
manufacturer to obtain a higher price for his oil in Germany than 
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that at which he could export it, by subsidies to shipping companies 
and probably (though absolute proof of tliis is not advanced) to 
the manufacturers, and by low rates of trai'sport to factories in the 
interior of the country. It is believed that the Germans could sell 
their oils in Germany at £ 2 a ton more than English man.ufacturers 
could get in England. The German machit'cry mus also more 
efficient than that used in England which left considerably more 
oil in the cake. The net result was that Germany sent annually 
about 50,000 tons of palm kernel oil to Ei\gland in the years just 
precedii'g the war and a further co7\siderable quantity reached 
Ei’glan.d iir the fornx of margarine through the intermediary of 
Dutch houses. On the other hand it was impossible for other 
countries to sell oil or margarine in German.V at a jrrofit on accoui't 
(»f the heavy duties on these products, while the raw material was 
allowed to ei'ter free. 

The Avar put an end to this. The rc'sult A\'as an enormous de- 
A'elopmerit of the edible oil industry ii'. Great Britain. In Febru- 
ary 1919. the ])roductioi' of margarine in England AA’as 8.000 tons 
a Aveek as against 1.500 tons in 1913, and AA’as approximately suffi- 
ciei'.t to meet the British demaiul. The total productioir of A’ege- 
table oils reached 331,808 tons in 1917 an.d 380.270 tons in 1918. 
Almost all classes of oil-producing nuts and seeds shared in this 
increase : the importation of groundnuts rose from 15,000 tons in 
1913 to 137,750 tons in 1917 ; of copra from 14,000 to 50,400 tons, 
and of palm kernels from 36,000 to 249,000 toirs (equalling the pre- 
war German figure) in the same ])eriod. This occuri’ed AA’ithout airy 
sjiecial Government actioir other than the encouragement by the 
Food Controller of importation by priA^ate agency, and the control 
of the margarine factories so as to secure the application of uniform 
formulae. Maximum prices were fixed for the latter. Arrange- 
ments were made for the imposition of an export tax of £ 2 per ton 
in British colonies on oil palm products to foreign countries but 
no action on this was taken during the war (though steps have 
recently been taken to enforce it). 

In Prance, Government acquired the whole output of its 
colonies and prohibited importation from other sources. The 
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result was disastrous. When groundnuts were selling in England 
at 74 francs per 100 kilos, palm kernels at 63 francs and copra at 
87 francs, French manufacturers had to pay 126, 142 and 216 francs 
respectively. Against a normal importation of 256,000 tons of 
undecorticated groundnuts, 237,000 tons of decorticated groundnuts 
and 112,000 tons of copra, France could only get in 1918, 73,000, 
9,000 and 21,000 tons respectively, plus 40,000 tons of palm kernels 
and 14,000 tons of palm oil. Even by paying twice the price 
prevailing in England, factories could not obtain anything like 
their requirements : many had to close, while England was building 
up a new industry. 

Furthermore, beyond a first effort in 1916, nothing was done 
in France to popularize the use of oil palm cake, which was scarcely 
known previously. The result is that at present it fetches less than 
half the price of coconut cake. Yet intrinsically it is scarcely 
inferior to the latter and in Germany was actually preferred before 
the war for feeding milch cattle, giving, it was claimed, a slight 
increase in fats in the milk. In England efforts were made by the 
Board of Agriculture, Experiment Stations and Agricultural Colleges 
to advocate its use, and there was an ample supply available at 
relatively low prices when other feeding stuffs were scarce. It is 
now getting a price which is in relation with its intrinsic value 
and is in the neighbourhood of coconut cake though of course 
inferior to that of linseed. 

It is not to be wondered at, therefore, that as soon as the 
importation of copra again becanre feasible, the French industrj’ 
abandoned the use of oil palm kernels, and in the spring of 1919 
sent about 80,000 tons of the latter to Germany out of their stocks 
of about 100,000 tons. 

Another circumstance tending to aggravate the situation in 
France, in view of the fact that the French colonies cannot at 
present supply more than one-fifth of the French demand, is the 
growth of the oil crushing industry in the eastern tropics during 
the later stages of the war. This growth is especially noticeable 
in India, the Dutch Indies and the Philippines. No less than 63 oil 
crashing factories have been recently started in the Dutch colonies, 
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42 of wMch are in Java. These have a capacity of some 260,000 tons 
of copra annually. In the Philippines also the export of coconut 
oil has grown from 13,600 tons in 1916 to 116,280 tons in 1918 w'hilc 
copra has fallen in the same time from 82,000 to 66,000 tons. 

All this, the authors think, will make it most difficult to revive 
the French industry behind tariff walls. They consider that the 
proper course to take is to stimulate production in such commo- 
dities as groundnuts, copra and palm kernels in the French colonies 
while entering into open competition with rival countries in the 
purchase and sale of oil nut and seed products. [E. J. B.] 

* * 

Blood-sucking Insects ot Formosa. Part I. Tabanidm (with Japanese 
species). By Dr. T. Shiraki, Governmeiit Entomologist, Taiholni 
Agricultural Experiment Station, Formosa ; 1918. 445 pages 
and 11 plates. (No price stated.) 

This monograph of the Japanese species of Tabanidse includes 
several that are recorded as found in India and Buima also, the 
following species being listed as occurring within Indian limits, 
viz., Chrysops dispar, C. ndohosiewiczi, Tahanvs sexcinctus, T. 
hicinctus, T. ahbreviatm, I. indianus, I. crassus, T. satiguineus, T. 
Julvimedius, and T. birmanicus, all of which are fully described 
and illustrated in the coloured and line plates. The descriptions 
are unusually full, covering sometimes eight pages of print, so 
that this book should be of considerable assistance to all engaged 
in work in Indian Tabanidse. [T. B. F.] 

* 

* * 

ANNUAL REPORT OF THE DISTRICT AGRICULTURAL 
ASSOCIATION OF BIRBHUM AND ITS BRANCH 
ASSOCIATIONS FOR 1919-20. 

The report begins with a general survey of the progress made 
since the main Association was constituted fifteen years ago. A 
new epoch in its short history began in the year 1918-19 when a 
realization of the difficulties of satisfactorily meeting the needs 
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of agriculturists scattered throughout the district set decentrali- 
zation afoot. Rapid strides were made in the organization of Branch 
Associations to deal with smaller territorial units each comprising 
a thana, and, by the end of the year, 30 such associations were 
established. A steady growth in their development has continued, 
and their number has now reached 87. Each Association has 20 to 
50 members, but some have as many as 150. Their work has spread 
into many channels bringir.g practical and visible benefits ^ot only 
to their members but also to local cultivators in general. Some 
of their most noteworthy activities, worthy of emulatioii by similar 
associations in other districts, were the successful inauguration 
of useful schemes of re-excavation of irrigation tanks, construction 
of bunds, embankments and canals, consolidation of agricultural 
holdings, opening of agricultural night classes in Middle English 
Schools in different parts of the district and conservation of manures. 
We congratulate Mr. G. S. Ihitt, I.C.S., under whose able guidance^ 
as President, the Associations have made such healthy and com- 
mendable progress. [Editor.] 



NEW BOOKS 


ON AGRICULTURE AND ALLIED SUBJECTS 


1. Essays on Wheat, by Prof. A. H. R. Buller. Pp. xv-|-339. 

(London : Macmillan and Co., Ltd.) Price, 2-50 dolbrs, 

2. Physiology of Farm Animals, by T. B. Wood and Dr. F. H. A. 

Marshall. Part I : General, by Dr. F. H. A. Marshall. 
Pp. xii-t-204. (Cambridge : At the University Press.) 
Price, 16s. net. 

3. A Biochemic Basis for the Study of Problems of Taxonomy, 

Heredity, Evolution, etc., by Prof. E. T. Reichert. Part 1. 
Pp. xi-f376+34 plates. Part II. Pp. vii 4-377-834. 
(Washington : Carnegie Institution.) 

4. A Text-book of Quantitative CTiemical Analysis, by Di‘. A. C. 

Cumming and Dr. S. A. Kay. Third Edition. Pp. xv-f 416. 
(London : Gurney and Jackson ; Edinburgh : Oliver and 
Boyd, 1919.) Price, 12s. Qd. net. 

5. Chemical Calcubtion Tables : For Laboratoiy Use, by Prof. 

H. L. Wells. Second Edition, revised. Pp. v4-43. (New 
York : John Wiley and Sons, Inc. ; London : Chapman and 
Hall, Ltd., 1919.) Price, 6s. 6d. net. 

6. Applied Economic Botany : Based upon Actual Agricultural 

and Gardening Projects, by Dr. M. T. Cook. (Farm Life 
Text Series.) Pp. xviii-f261. (Philadelphia and London ; 
J. B. Lippincott Co., 1919.) Price, 7s. 6d. net. 

7. Agriculture and the Farming Business, by 0. H. Benson and 

G. H. Betts. Pp. xwi-1-778. (London : Kegan Paul and 
Company, Limited, n.d.) Price, 10s. 6(2. net. 
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The following publications have been issued by the Imperial 
Department of Agriculture in India since our last issue 


1. Notes on Practical Salt Li^nd Eeclamation, by G. S. Henderson, 

N.D.A., N.D.D. (Bulletin No. 91.) Price, As. 6. 

2. Syngamus laryngeus in Cattle and Buffaloes in India, by 

A. Leslie Sheather, B.Sc., M.R.C.V.S., and A. W. Shilston, 
M.R.C.V.S. (Bulletin No. 92.) Price, As. 6 

3. A Preliminary Note on the Behaviour in North India of 

the first batch of Sugarcane Seedlings distributed from 
the Sugarcane-breedir^ Station, Coimbatore, by T. S. 
Venkatraman, B.A. (Bulletin No. 94.) Price, As. 8. 



LIST OF AGRICULTURAL PUBLICATIONS IN 
INDIA FROM 1st AUGUST, 1919, 

TO 31 st JANUARY, 1920. 


No. 


Title 


Author 


Where published 


GENERAL AGRICULTURE. 


1 The Agricultural Journal oj 
India, Vol. XIV. Part- V, and 
Vol. XV. Pari I. Price 
j Re. 1 -8 or 29. per part : annual 
' subscription Rs. 0 or Ga. 6rf. 


Edited by the Agricul- 
tural Adviser to the 
Government of India. 


Messrs. I'hacker, Bpink k 
Co., Calcutta. 




:i 


fieiontific Reports oi the Agri- 
cultural Research Institute, 
Pusa (including the Report of 
the Imperial Cotton BpecialLst) 
for 1 01 8-19. Price Re. 1 -4 or 

2.1. I 

1 

Rejiort on the Progress of Agri- I 
culture in India for 1918-19. 
Jhioo Re. 1-4 or 29. j 


Issued from the Agricul- 
tural Research Insti- 
tute, Pusa. 

r 


Agricultural Adviser to 
the Government of 
India, Pusa. 


Government Printing, 
India, Calcutta. 


Ditto. 


4 ’ Proceedings of the Board of j Ditto 

j Agriculture in India held at 
j Pusa on the 1st Deceml^er, 
i 1919, and following days (with 
I appendices). TMce As. 12 or 
I 1.9. 3d. 


Djtlo. 


d 


Notes on Practical Salt Land 
Reclamation, Pusa Agricul- 
tural Research Institute 
Bulletin No. 91. Price As. 6. ' 


G. S. Henderson, n.d.a., 
N.D.D., Imperial Agri- 
culturist, F^sa. 


0 A Preliminary Note on the 
Behaviour in North India of 
the first batch of Sugarcane 
Seedlings distributed from the 
Sugarcane Station, Coimba- 
tore, Pusa Agricultural 
Research Institute Bulletin 
No. 94. Price As. S. 


T. S. Venkatraman,’ B.A., 
Ag. Government Sugar- 
cane Exiiert, Madras. 


7 The Effect of Manuring with 
Superphosphate and Sannai 
on the Yield of Oops on 
Indigo Planters* Estates in 
Bihar-— especially of Rabi 
Crotis in the season 1918-19. 
Pusa Research Institute 
Indigo Publication No. 6. 
Price As. 6, 


W. A. Davis, B.sa 
A.O.O.I., Indigo Re- 
search Chemist, Pusa. 


Ditto. 


Ditio. 


1 lit to. 
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LIST OF AGRICULTURAL PUBLICATIONS-eonW. 


No. 

Title 

Author 1 

Where published 


General Agriculture — contd. 

• 

8 

Guido to Agricultural Section, 
Pusa. (Not for sale.) 

Compiled by Agricultural 
Section, Pusa. 

Government Printing, 

India, Calcutta. 

9 

Annual Reiiort of the Board of 
Scientific Advice for India for 
the year 1918-19. 

Issued by the Board of 
Scientific Advice for 
India. 

Ditto. 

10 

Quinquennial Report on the 
Average Yield per Acre of 
Principal Crops in India for 
the period ending 1916-17. 
Price As. 12 or 1^. 2d. 

Issued by the Defiart- 
ment of Statistics, 
India. 

Ditto. 

11 

Report on the Production of Tea 
in India in the Calendar Year 
1918. Price As. 8. 

Ditto 

Ditto. 

12 

Estimates of Area and Yield of 
Principal Crops in India, 
1918-19. Price As. 8. 

Issued liy the Depart- 
ment of Statistics, 
Indic^ 

Ditto. 

19 

Report on the Operations of the 
Department of Agriculture. 
Bengal, for the j^ear 1918-19 
(including Expert Officers* 
Reports). Price Rs. 2 or Its-. 

Issued by the Depart- 
ment of Agriculture, 
Bengal. 

Bengal Secretariat Press, 
Writers' Buildings, 

('alcutta. 

14 

Annual Reports of Exjiert- 
Officers of the Department of 
Agriculture, Bengal, for the 
year 1917-18. Price Re. 1-12 
or 2s. 6d. 

Agricultural Department 
of Bengal. 

Ditto. 

ir, 

Insect of Ganja, Bengal Depart- 
ment of Agriculture Bulletin 
No. 1 of 1919. Price A. 1. 

Ditto 

Ditto. 

10 

Annual Report of the Depart- 
ment of Agriculture, Bihar 
and Orissa, for 1918-19. 
Price As. 6 or 6d. 

Issued by the Depart- 
ment of Agriculture, 
Bihar and Orissa. 

Government Press, Bihar 
and Orissa, Patna. 

17 

Report on the Administration 
of the Department of Agricul- 
ture of the ITnited Provinces 
for the year ending the 30th 
June, 1919. Price As. 8 
or 1^. 

Issued by the Depart- 
ment of Agriculture, 
United Provinces. 

Government Press, 

United Provinces, 

.Allahabad. 

18 

i 

Report on the Agricultural Ex- 
periments in the Central 
Circle, United Provinces, for 
the year ending 30th June, 
1919. 

Ditto 

Ditto. 

19 

Report on the Agricultural 
Stations of the Western Circle, 
United Provinces, for the year 
ending 30th June, 1919. 

Ditto 

Ditto, 
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LIST OF AGRICULTURAL PUBLlCATIONS-conW. 


No. 


Title 


Author 


Where imhlishcd 


General Agricnllure — contd. 


20 

Combined Report of the Partab- 
. garh and Benares Agricultural 
Stations of the United Pro- 
' vinces for the year ending 

i 30th June, 1919. 

Issued by the lX‘part- 
ment of Agriculture, 
United Provinces. 

j Government Press, 

1 United Provinces, 

1 Allahabad. 

j 

1 

21 

1 

Annual Report of the Depart- 
i ment of Agriculture, Punjab, 

1 for the year ending 30th 

j June, 1919, Part 1. Price* 
As. 7. 

Issued by the Dejiart- 
ment of Agriculture, 
Punjab. 

^ Government Printing, 

j Punjab, Lahore. 

! 

22 

Annual Report of the Depart- 
ment of Agriculture, Punjab, 
for the year ending 30th 
! June, 1919, Part II. Price 
i Rs. 2-12 or li. Id. 

Ditto 

Ditto. 

i 

1 

1 

! 

23 

Season and (Vop Repijrt of the 
j J^unjab for 1918-19. Price 

1 Re. 1 or Is. (W. 

Ditto 

1 Ditto. 

t 

24 

j Annual Rejiort of the T^wrence 

1 Gardens, J-^ahore. Price As. 2. 

Ditto 

I Ditto. 

2.J 

^ Pros|)eotu.s of the Punjab Agri- 
cultural (V)llege, Lyallpur. 
(Not for sale.) 

Ditto 

j Ditto. 

{ 

20 

Tablea of the Agricultural Statl^- 
! tics of the Punjab for the year 
! 1918-19. 

Ditto 

' Ditto, 

27 

Annual Rejairt of the Depart- 
ment of Agriculture, Bombay 
Presidency, for 1918-19. Price 
As. 14 or Icv. 9d. 

Issueil by the Depart- 
ment of Agriculture, 
Bombay. 

; Govcniment Central 

j Press, Bombay. 

I 

28 : 

1 

! 

Season and (-roji Report of the 
Bombay Presidency. Price 
Am. 8 or 1 s. 

Ditto 

' Ditto. 

29 

! 

Work on the Manjri Farm for 3 
years 1915-18, Bombay De- 
iiartment of Agriculture 
Bulletin No. W) of 1918. 
Price As. 7*3 p. or 9d. 

J. B. Knight, Pixdcssor 
of Agriculture. 

Ditto. 

30 > 

The (hiltivation of Berseem in 
Sind Ex|)oriment8 at Sukkar, 
Bombay Department of Agri- 
culture Bulletin No. 91, 
Prioe A. 1 or Id. 

Dikeram L ReUvani, 
L. Ag. 

Ditto. 

31 

Classification and Description of 
the Jowars of the Bombay 
Kamatak. Bombay Deiiart- 
ment of Agriculture Bulletin 
No. 92 of 1919. Price As. 10 
or lid. 

G. K. Kottur, B. Ag., 
Cotton Sii|iervi8or, 

Southern Division, 

Bombay Presidency, 

Yeravda Prison Press, 
Poona. 

j 
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LIST OF AGRICULTURAL PUBLICATION8-con«d. 


No 

j Title 

, Author 

Where published 


General Agriculture — contd. 


32 

Report on the Operations of the 
Department of Agriculture, 
Madras Presidency, for 1918- 
19. Price As. 3 or 3d. 

Issued by the Depart- 
ment of Agriculture, 
Madras. 

Government Press, 

Madras. 

33 

1 

A Soil Survey of the Kistna 
Delta. Madras Department 
of Agriculture Bulletin No. 75. 

W. H. Harrison, n.sc., 
M. R. Ramasami Sivan, 
B.A., nip., Agri., and 
B. Visvanath. 

Ditto. 


Note on Tobacco (cultivation in 
Godavari Lankas. 

Comj)iled from the experi- 
ences of T. H. Barry, 
Esq., of CJocanada. 

Ditto. 

35 

Control of Important Paddy 
Pests. 

M. R. Ry. D. Bala-1 
krishna Moorthy. ^ 

Ditto. 

36 

Report on the Working of the 
Department of Agriculture, 
Central Provinces, for 1918-19. 
Price Re. 1 or I 5 . 6d. 

1 

Issued by the Depart- 
ment of Agriculture, 
Central Provinces and 
Berar. i 

Governiiiont Press, 

Nagpur. 

37 

Report on the (1) Agricultural 
College, Nagpur, (2) Botanical 
and Chemical Research, and 
(3) Maharajbagh Menagerie. 
Price As. 8. 

Ditto 

Ditto. 

38 

Report on the Experimental 
Earrn attached to the Agricul- 
tural College, Nagpur, for 
1918-19. Price As. 8. 

Ditto 1 

r ' 

Ditto. 

39 

Report on the Demonstration 
Work in Northern Circle for 
1918-19. Price As. 8. 

Ditto 

l>itto 

40 

Farm Yard Manure. Central 
Provinces Department of 
Agriculture Bulletin No. III. 
Farm. Price As. 2. 

R. G. Allan, M.A., Princi- 
pal, Agricultural Col- 
lege, Nagpur. ^ 

Ditto. 

41 

Some Observations on the 
Cotton Cultivation. Central 
Provinces Department of 
Agriculture Bulletin No. IV. 
Price As. 2. 

Ditto 

Ditto. 

42 

Imported Ploughs and their 
Satisfacto^ Working. Central 
Provinces Department of Agri- 
culture Bulletin No. V. 
Price As. 2. 

Ditto 

Ditto. 

43 

Oilcakes ; Their Uses as Cattle 
Fond and Manuie. Central 
Provinces Depart ment of 
Agriculture Bulletin No. VI 
Price As. 2. 

F. J. Plymen, Deputy 
Director of Agriculture, 
Western CJircIe. 

Ditto. 

1 
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LIST OF AOBIOULTUBAL PUBLIOATIONS-eonW, 


No. Title Author Where published 


General Agriculture — conoid. 

44 Weeds. Central Provinces R. G. Allan, m. a., rrinci* Government Press 

Department of Agriculture ! pal. Agricultural Col- Nagpur. 

Bulletin No. VII. Price As. 2. ' lege, Nagjmr. 

45 Annual Report of the Depart- ' Issued by the Depart- The Assam Secretariat 

ment of Agriculture, Assam, ment of Agriculture, i’rintiiig Office, 

for the 9 months ending 31st , Assam. Shillong. 

March, 1919. Price As. 8 or 
9d. 

46 Report of the Agricultural ' Ditto Ditto. 

experiments and Demons- ; 

trations in Assam for 9 i 

months ending 31st March, 

1920. 

47 ReiKirt on the Operations of the Issued by the J)epart- Govcninient Printing 

Department of Agriculture, ment of Agriculture, Office, Burma, Rangoon. 

I Burma, for the year ending Burma. 

I 30th June, 1919. Price As. 8 

i or 1«. 

48 ! Guinea Grass. Burma Depart- A. McKerrel, Deputy Ditto. 

! ment of Agriculture Ijeallet Director of Agneuf- 

j No. 52. ! ture, Soifthern Circle, 

I ! Burma. 

49 ’ Summarv of Remarks on the Revenue CommisMoner, N. K. P. Government 

Kharii Crop of the North- North-West frontier ; Press, J*eshawar. 

West Frontier Provmco for Province. i 

1919. Price As. 7 or lOd. 

! 

50 The Journal of the Madras Agri- Madras Agricultural literary Sun Press, Conn - 

) cultural Students' Union ; Students* Union. batore. 

(monthly). Annual sub- | 
scription Rs. 2. 

I 

61 Quarterly Journal of the Indian Seientilic’Department t>f < ('atholic Orphan Press, 
Tea Association. IMco As. 6 the Indian 'Pea Asso- , Calcutta. 

! per copy. fiation, Calcutta. j 

52 The Journal of Dairying and Published by the Indian j Messrs. Thacker, hpink k 
Dairy- Farming in India (Committee of the Dairy i Co., Calcutta. 

(quarterly). Subscription Education Association, | 

I&. 5 per annum (including ; Quetta. I 

membership). 1 

63 Poona Agricultural College College Magazine (^om- Aiya Bhusan Press, 

Magazine (quarterly). Annual | mittee, Poona. Poona, 

subscription Rs. 2. 

64 Journal of the Mysore Agricul- Mysore Agricultural Ex- Bangalore Pi'css, Bangs - 

tural and Experimental perimental Union. lore. 

Union (quarterly). Annufid 
subscription Rs. 3. 

66 Indian Scientific AgricuUurid^ Alliance Advertising Bera & Co.. Printei-s, 

Annual subscription Rs. 4. Association Ltd., C'alculla. 

Cakutta. 
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LIST OP AGRICULTURAL PUBLIOATIONS-conW. 


No. Title Author Where published 

AGRICULTURAL CHEMISTRY 

56 The Phosphate Requirements of F. J. Warth, M.sc., b.sc., Messrs. Thacker, Spink & 

some Lower Burma Paddy Agricultural Chemist Co., Calcutta. 

Soils Memoirs of the Depart. to the Government of 

ment of Agriculture in India, Burma, and Maung Po 

(Chemical Series, Vol. V, No. 5. Shin, Assistant to the 

Piice Re. 1-12 or Ss. 3d. Agricultural Chemist 

to the Government of 
Burma. 

57 Absor[)tion of Lime by Soils. F. J. Warth, Agricultural Ditto. 

Memoirs of the Department of Chemist to the Govem- 

Agriculture in India, Chemi- ment of Burma, and 

cal Series, Vol. V, No. 6. Maung Po Saw, Assist- 

i*ricc Re. 1-2 or 2/t. ant to the Agricultural 

Chemist to the Govern- 
ment of Burma. 

.'58 l*roceediugs of the First Meeting Issued from the Agricul- Government Printing ; 
of Agricultural Chemists and tural Research Jnsti- India, Calcutta, 

Bacteriologists held at Pusa tutc, Pusa. 

on the 24th February, 1919, 
and the following days. Price 
Re. 1 or is. (id. 

BOTANY 

59 I Studies in Indian Sugarcanes C. A. Barber, c.i.E., Sc. o., Messrs. Thacker, Spink 

No. 5. On testing the suit- F.L.S., Government Co., (Meutta. 

ability of sugarcane varieties Sugarcane E.Kiiert, 

for different localities by a Msdras. 

system of measurements. 

Periodicity in the growth of 
the sugarcane. Memoirs of 
the Department of Agriculture 
m India, Botanical Senes, Vol. 

X, No. 3. Price Re. M2 or 
3w. 

MYCOLOGY. 

60 A Pythium Disease of Ginger, J.,. S. Subramaniam, Mcssi-s. 'I’hacker, Spink & 

, Tobacco and Papaya. Assistant to the Im- Co., Calcutta. 

Memoirs of the Department of ^lerial Mycologist, Pusa. 

Agriculture in India, Botani- 
cal Series, Vol. X, No. 4. ! I 

I Price Ro. 1-8 or 2^. 6d | ' 

61 : Proceedings of the Second Meet- * Issued from the Agricul- Govcniment Mnting, 
I ingof the Mycological Workers I tural Research Insti- India, Calcutta. 

in India held at Pusa on the i tute, Ihisa. 

24th March, 1919, and follow- i j 

ing days. Price As. 11 or U. I I 

I i 

ENTOMOLOGY 

62 A Ctmtribution to our Know- T. V. Ramakrishna Ayyar, Government Printing; 

Iwlge of South Indian b.a., f.e.8., r.z.s.. Act- ' India, Calcutta. 

I Coccidoe, Pusa Agricultural ing Government Ento- 

I Research Institute Bulletin mologist, Madras. 

; No. 87. Price As. 14 or la. 3d. 
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LIST or AGRICULTURAL PUBLIC ATIONS-conW. 

No. . Title Author j Whore pulilmliod • 

Entomology — cone Id. 

03 , Second Uuiul ml Notch on Jndian ' Coinpilwl by Kntoinolo- | Ditto. 

Jimccts : J»uHa Agricultural gical Section, Pusa. 

Resoarch liiHtitutc Bulletin I 

No. 89. ' 

04 KicoHisjia. MadraK Department T. liaiuakrishna (iox eminent Pres^^, 

of Agnculture IjoaHet No. 1. Ayyar. Madras. 

I 

Oo Dairy Catcrjiillar. Madras Dc- T. V. Itamakri.'-lina Ditto, 

jiartinent of Agriculture A>yar. j 

Leaflet No. 2. I 

VETERINARY 

00 Annual Report of t lie Imperial Director and First t<o\einMU'nt I'linting^ 

Baetenologieal liti iKiratory, Baetenolojiist, Iinpmial liulia, Caleulta. 

Muktesar, for tlie year endinii Baeteriologieal Lal>o- 

31st March, 1919. Price x\h. ratorv, .Muktehai. 

4 or Tid. 

I 

07 I A Malarial Pa rasit(‘ m tlu* Blood A. 1-.. Sheathei, H.se., Ditlo 

; of a Buffalo. Pusa Agiicul- m.k.c. v..s., Diieetor and 

I tural Research Instil ut<‘ First Baetmiologist, 

I Bulletin No. 90. Price Imperial BactiTiologi- 

As. 0 or Id. eal Ijaboratory, Muk- 

1 tosar. 

08 ' Pioeeediiigs of the First Meeting issiml from the .\gneu!- Ditto. 

; of Wterinary Oflic<‘rs in India tural Re-search Insti- 

held at Lahore on the 24th tute. Pusa. 

.Vlareh, 1919, and fullowiini 
days (Mitli appendices). 

I Prie<* As. S or 9rf. ( 

09 //////ar/ri/v in ( ’attic and j k. \j. Sh(*athcr, n.sc.. Ditto. 

Jhjftaloes in India. Pu.sa Be- [ M.u.c.v.s., Director 

search Institute Bulletin | and Fust Ba<teiu>lo- ^ 

No. 92. Price As. (). | gist,and A. W . Slulston, ; 

; M.R.l’.V.S., Second , 

Imiwrial Baetmiologi.st, 

Imperial Bacteriologi- . 

eal Laboratory, Muk- i 

te.sar. j 

I 

79 Annual R<*port of the (’i\ il Vete* IssikmI by the DepaK- | (iovernment Pri s^, ClnU 

rinary De|>ai1nienl, Bihar & inent of Agneultun*, I /aihagh, Patna. 

()riH.su, for I9I8-19. Bihar & (>iis.sa. 

j ' * 

71 I Annual Rcpoii of the i*unjab ls.sued b\ the Depart- j (unernment Ihinting, 

Veterinary (’olloge, (’ivil , ineiil of Agriculture, j Lahore. 

AVterinary Dejiartnient . Pun- Punjab. j 

jab, and the Oovemment Cattle j 

Farm, Hissar, for the year | 

1018-10. Price As. 10 or ‘lOd. j 

! 

72 Rinderp<Mit, Madras Depart- F. Ware, m.h.i .v.s., Suiior-j Covernment Pres«, Madras. 

ment of Agricultui’e Ijcatlet inteiidciit. Civil Veteri- 

No. 4. nary Department, 

Madras. 
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LIST OP AGRICULTURAL PUBLICATIOHS-eo«cW. 


No. 


Title 


Author 


Where published 


V eterinary — conoid . 


7 3 Annual Rejjori of the V etei inary 

J)epartment, Assam, for the 
year ending 3 1 st March, J IH 9. 

74 Report of tfie C’lvil Wterinary 

department, Rurma, for Ihe 
year ending 31st March, 1919. 
Price As. 12 or 1.9. Id. 


Issued by the Civil Ve* , Assam Secretariat 

terinary Dejiart merit, j Printing Office, Shil- 

Assam. I It^ng. 

i 

Issued by the (hvil Vete- | Ooveniment IMiiting, 
unary Dejrartment, , Rurma, Rangoon. 
Rurma. I 


PDBLICATIONS OF THE IMPERIAL DEPART 
MFJIT OF AGRICDLTDRE IN INDIA 


TO BE HAD FROM 

The Office of the Aokigultukal Adviber to tub Goveknmbnt of India, Pcsa, Bihar, 

and from the following Agentt 


(1) THACKER, SPINK & CO., Calcutta. 

(2) W. NEWMAN & CO.. Calcutta. 

(3) Rai M. C. SARKAR BAHADUR A 

SONS. Calcutta. 

(4) HIGGINBOTHAMS, LTD.. Madras. 

(5) THOMPSON &CO., Madras. 

(6) D. B. TARAPOREVALA, SONS A 

CO., Bombay. 


(7) THACKER A CO., LTD.. Bombay. 

(8) SUNDER PANDURANG, Bombay. 

(9) Rai Sahib M. GULAB SINGH A 

SONS. Lahore. 

(10) MANAGER, EDUCATIONAL BOOK 
DEPOT. Nagpur. 


A complete list of the publications of the Imperial Department of 
Agriculture in India can be obtained on application fi*om the 
Agricultural Adviser to the Government of India, Pusa, Bihar, or 
from any of the above-mentioned Agents. 

These publications are 

1. The Agricultural Journal of India* A Journal dealiuf? with subjects connected with 
agricultural economics, held and garden crops, economic plants and fruits, soils, manures, 
methods of cultivation, irrigation, climatic conditions, insect pests, fungus diseases, 
co-operative credit, agricultuial cattle, farm implements, and other agricultural matters 
in India. Illustrations, including coloured plates, form a prominent feature of the Journal. 
It 18 edited by the Agricultural Adviser to the Government of India, and is issued once 
every two months or six times a year. Annual Subscription, Us. 6 or 9*. 6d.. including 
postage. Single copy. H. 1-8 or 2s. 

3. Scientific Reports of the Agricultural Research Institute. Pusa (including the Report of 
the Imperial Cotton Specialist). 

3. Annual Report on the Progress of Agriculture in India. 

4. Proceedings of the Board of Agriculture in India. 

5. Proceedings of Sectional Meetings of the Board of Agricuiture. 

6. Memoirs of the Imperial Department of Agriculture in India : 

(a) Botanical Series. 

(b) Chemical Series. 

(c) Entomological Series. 

(d) Bacteriological Series. 

(e) Veterinary Series. 

7. Bulletins issued by the Agricultural Research Institute. Pusa. 

8. Books. 

The following are the publications of the last two years 

Scientific Reports of the Agricultural Research Institute and College. Pusa (including the 
Report of the Imperial Cotton Specialist), for the year 1917-18. Price, R. 1-4 or 2s. 

Scientific Reports of the Agricultural Research Institute, Pusa (including the Report of the 
Imperial Ootton Specialist), for the year 1918-19. Price. R. 1-4 or 2s. 

Report on the Progress of Agriculture in India for the year 1917-18. Price. R. 1-8 or 2s. Sd. 

Report on the Progress of Agriculture in India for the year 1918-19. Pi ice, R. 1-4 or 2s, 

Proceedings of the Board of AgricuUare in India, held at Pusa on the Ist December, 1919, and 
following days (with Appendices), Price, As. 12 or Is. 3d. 
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THE CATTLE EGRET ( ^VBULCVS COROMANDUS.) 




SOME COMMON INDIAN BIRDS. 

No. 4. THE ('ATTLE EGRET (BVIWLCVS GOmi/.4A7;C^.S'). 


BY 


T. RAINRRIGGE FLETCHER, R.N., F.L.8., F.E.S., F.Z.R. 
Imperial Evlomolorjist ; 


AND 

C. M. INGLIS, M.B.O.U., F.Z.S. 

Most ot the birds dealt wth in these articles are of general 
occurrence and as likely to be found in (Jalcutta, or any other 
large towTi, as in the surrounding country-side, but the subject of 
our present paper seems to have little use for a to\n\ life, although 
it is one of the “ common objects of the country ” in most parts 
of the mofmsil. According to Stuart Baker, in North ('achar it 
ascends the hills to 2,200 feet. The Cattle Egret {Buhtlcus coro- 
mandm), as its popular name implies, is an Egret which is especially 
attached to cattle— frequently accompanying these animals and 
feeding on the grasshoppers and other insects disturbed as the 
cattle move about and also picking off insects, ticks and leeches 
which are attracted to the cattle. It is a very tame bird, even 
coming into compounds where any cattle are grazing. It is a social 
bird, generally occurring in parties, accompanying the cattle in the 
fields and frequently perching on their backs. Sometimes it attends 
pigs also and relieves them of lice. Occasionally it accompanies 

( 373 ) 
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crocodiles and apparently picks leeches or other parasites off them, 
and sometimes it varies its diet with small fish, tadpoles and aquatic 
insects. The late C. "W. Mason investigated the stomach contents 
of three birds at Pusa in December 1909 and found that they 
contained 166 insects, of which three were Carabid beetles which 
were classed as beneficial, three as neutral, and 160 as injurious, 
the majority of this Last category comprising grasshoppers and 
flies. There is no doubt but that this bird is decidedly beneficial 
to the agriculturist in India, not only helping to keep down grass- 
hoppers and other crop-pests, but reducing the numbers of blood- 
sucking pests which prey upon cattle. 

The Cattle Egret is easily recognizable, being a pure white 
bird with a yellow bill and black legs during most of the year. In 
the breeding season, which is at the beginning of the rains, some 
hair-like yellowish plumes grow from the head, neck and back, 
as seen in the right-hand figure of our Plate ; these nuptial plumes 
are orange-coloured on the head and neck, those on the back orange- 
buff varying to pinkish or brownish buff. In Bihar this plumage 
is assumed in April, but in the case of one colony which was breeding 
on some mango trees in August there were just as many birds in 
the pure white as in the usual breeding plumage. 

Before legislation took place this Egret suffered the same 
fate as those with more valuable plumes, but now it appears to be 
much leas molested. It is protected by law throughout the whole 
year in the Central Provinces, Bombay, Bihar and Orissa, United 
Provinces, Delhi, Madras, Burma, and Assam. 

As noted above, the Cattle Egret is a social bird at normal 
times, contrary to the habit of most herons during the non-breeding 
season, and it is probable that this social trait is the direct result 
of its attendance upon cattle. At the breeding season, however, 
which is from June to August in regions watered by the South- 
West monsoon, November and December in the Carnatic, and April 
and May in Ceylon, this sociability is greatly accentuated and the 
Cattle Egret at this time breeds together in vast numbers, often 
in company with other Egrets, Pond Herons and similar marsh- 
loving birds, making a large untidy nest of sticks, built in a tree, 
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often in tamarind trees around village ponds, and laying tliree to 
five very pale greenish or bluish eggs, almost white, which vary 
much in size and shape but are typically rather broad ovals, some- 
what pointed towards one end, and measuring on the average 
about 43 mm. loi^ by 33 mm. broad. 



Mr. J, MACKENNA, M.A., C.T.E., l.C.S. 


BY 

E. J. BUTLEH, D>’c., M.R., F.L.S. 

On the 30th of April, 1920, Mr. J. Mackenna, M.A., C.I.E., I.C.S., 
vacated our editorial chair on his resignation of the post of Agri- 
cultural Adviser to the Government of India and Director of 
the Agriciiltural Research Institute, Pusa. By his resignation 
the “ Agricultural Journal ” has suffered a severe loss, and the 
Department has to regret the departure of a most distinguished 
and popular chief. 

In his new appointment as Development ('ommissioner in 
Burma, he has taken up the highly responsible duties of the first, post 
of the kind established in India, and it is gratifying to know that he 
will still remain in charge of the agricidtural development of a 
considerable province of the Empire. 

Mr. Mackenna’s connection with the Agricultural Departmerit 
extended over a period of 16 years from his first appointment as 
Director of Land Records and Agriculture, Burma, in 1904. 
Shortly after this, he attended the first meeting of the Board of 
Agriculture held at Pusa, in 1905, and, by his active participation in 
the discussions at this and subsequent meetings- he has attended 
nine of the eleven hitherto held and presided over three — has taken 
no small part in shaping the policy of the Department. 

In Burma he was responsible for organising the Provincial 
Department of Agriculture which came into existence as a result 
oi the policy of agricultural development initiated by Lord Curz(m’s 
Government in 1906. The first experts that started work ^ tfe 
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improvement of Burmese agriculture, with the advantage of Western 
experience, did so under his control, and it is fitting that, now 
that a large increase in expert staff of Burma has been sanctioned 
and a second period of progress is in sight, he should be back in his 
old province to exercise a guiding influence over the development 
of its resources. 

He was first called to the charge of the Imperial Department 
of Agriculture in 1913, when he acted as Agricultural Adviser for a 
year during the absence of Mr. Coventry on leave. He returned to 
assume substantive charge when Mr. Coventry retired in 1916, and 
he held the post until his recent resignation, except for a short 
jK'riod of a month in 1918 when he acted as Secretary to the 
Government of India in the Department of Revenue and Agriculture, 
and for six months last year when he was on leave. 

This perierd was one of except iemal strain in the agricultural 
as in all other elepartments. During the worst years of the war 
and the subsequent perierd of stagnatiem and slew rece>veiy, the 
staff was depleted elovir to the I'are minimum required to prevent 
elisor ganizatiem. That in the face of these elifliculties juogress has 
not ceaseel is in no little degree el lie to the e'ptimism with which 
Mr. Mackenna continued to censolielate the positiem already gained 
and jrrepare for a further advance as soon as ce-nelitions again 
Irecame favourable. It was imjreissible to he>j>e to expanel during 
those years, but it was possible tei pre pare for accelerateel progress 
in the brighter times that were ceaning. The end of the war founel 
him with plans matureel or maturing for a large expansion of act ivities 
in almerst every elircetion anel he had the satisfaction of placing 
these Irefore Government during the past few months. 

Post-war problems of great magnitude have to lie faced in con- 
nection with some of our merst impe>rtant crops. The war very 
forcibly demonstrated the disadvantages of being dependent on 
foreign countries for supplies of the necessaries of life. Cotton 
and sugar are two of those commodities that the Empire produces 
in qufmtity insufficient for its needs, and in both cases India offers 
one of the most pr om win g fiekls for development. Mr. Mackenna 
w« instniinental m getting two strong committees appointed to 
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examine the Indian possibilities of expansion as regards these 
crops, and as President, first of the Indian Cotton Committee and 
then of the Indian Sugar Committee, he has spent a considerable 
part of the last three years in dealing with this question. 

The Cotton Committee reported in 1918, and its recommend- 
ations have received a strong measure of support from bodies 
such as the Empire Cotton Growing Committee and the British 
Cotton Growers Association, as well as from the trade and agri- 
cultural authorities in India. They are far-reaching and will take 
a considerable time to give complete effect to, especially in the 
matter of securing the necessar}' staff to carry them out, but they 
are generally accepted as likely to be effective in improving the 
quantity and quality of the cotton grown in India. 

The Sugar Committee was still sitting when Mr. Mackenna 
w'as summoned to Burma, and he had, therefore, to hand over its 
presidency to Mr. Noyce. Much of the Indian part of the enquiry 
was then completed and the evidence obtained is amply sufficient 
to show the need there was for a thoroi’gh exfunination of the 
position. Though India is one of the two chief producers in the 
world, there is little doubt that, but for the war, her imports of 
sugar woidd be now in excess of a million tons a year, and she is 
thus far from being in a position to feed herself, much less any other 
part of the Empire. But, with an area of some three million acres 
imder the crop, it is clear that, if the Committee’s recommendations 
are effective in stimulating the improvement of the present 
wretchedly low yield per acre, its work will have been of first-rate 
importance. 

Another matter to which Mr. Mackenna devoted much atten- 
tion was improving the publications of the Department. The 
“ Journal ” has greatly increased in popularity under his editorship 
and the recent decision to issue it every two months, instead of 
every quarter, should stiU further stimulate its circulation. His 
annual report on the Progress of Agriculture in India was regarded 
as, in many respects, a model for similar Government pubUcations 
and was deservedly popular. In this connection, reference may 
also, be made to his brochure on “ Agriculture in India,” where, in a 
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little over a hundred pages, he gives a lucid and interesting account 
of the work of the agricultural and allied departments up to 1915. 

At Pusa, Mr. Mackenna will long be remembered as the most 
genial and kindly of chiefs. He did much to improve the amenities 
of life, always diflBicult in such an isolated place, and showed a 
practical interest in regard to recreational, medical and educational 
facilities for the staff. 

For the Indian Agricultural Service he worked hard to secure 
the revision of the terms of service that he held were long overdue. 
Though he was not himself a member of the Service, he had its 
interests at heart, and it owes a great deal to his representations on 
behalf of its members. 

We hope that he will not forget his old friends in the Agricultural 
Department as we know they will not forget him. There may still 
be opportunities for an occasional meeting and ‘we foresee a further 
increase in the popularity of Burma as a scene for the touring 
activities of the Pusa staff. The best wishes of the Department 
accompany Mr. and Mrs. Mackenna to Burma, where, we hope, 
they will have a very successful and happy time 



PRINCIPAL FODDERS IN THE CENTRAL 
PROVINCES AND BERAR, INCLUDING 
THE SMALL BAMBOO (DENDROGALAMUS 
SIRIGTUS)* 

BY 

1). CLOUSTON, C.I.E. AND P. J. FLYMEN, A.C.G.I., 

OJ ihr Dcjmrliitcul oj AjmulUw,, CoUml Prooiiwes ami Berar. 

Tiik iii\])i(>vc‘ni(‘nt in the breeding of Indian cattle in order 
to raise the standard of animal at the disposiil of the Indian agii- 
cultnrist involves also improvement in aninuil management, pirti- 
cularly as ivgnrds feeding. Hhill-fceding is not only becoming 
possiljh; but also necessary in some tracts ; and in future the farmer 
will have to piovide fodder for his cattle instead of depending 
upon indiscrijiunatc grazing. 

A sei'ies of analyses of the common grasses of the Central 
Provinces and Berar made in the dejwrtment’s laboiatory some 
tinu! ago showed that these grasses are fundamentally low in feeding 
value. The analyses are sufficiently interesting to be worth (juoting. 


Gonijmiillion oJ comimn yrasm oj ihe Gentml Rmoinccs and Berar. 
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* I’liper read at the Seventh Indian Science Congress, Nagpur, 1920. 
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For purposes of comparison the following analyses of grasses 
grown in more temperate climates are given. The figures have 
been collected from various reliable sources. 



Ether 

extract 

Total 

nitrogen 

as 

protein 

Nitrogen 

1 free 
extract 
and 
soluble 

1 carbo- 
hydrate 

(Vude 

fibre 

As! 

United States 
(H‘rniaiiy ... 

Queensland 

New South Wales 

314 

2-34 

1*9.3 

214 

9*21 

10-74 

13*,39 

9-03 

53 97 
40-53 
49-73 
52-81 

25-71 

3109 

22-53 

29-35 

7 -97 
(i-30 
12-42 
c;-07* 


It is clear from a consideration of these figiiies that in so far as 
chemical analysis is a guide, the fecdin.g value of Central Provinces 
and Berar glasses is much below that of the grasses jnoduced 
in the countries named, particulaily with regard to the highly 
important juotein. matter. Home of the local grasses have, how'ever, 
a distinct reputation for feedin.g purjioses, IseJiaminm, sidcatmn 
bein.g sufficient in itself to keep horses and cattle in good 
condition. 

That present methods of chemical an.alysis are inadequate to 
deal w'ith the rektivc values of pasture grasses is gen.eially agreed. 
]<’igures given by Wilson^ show practically no difference in the 
com])osition of grass from poor low rented pasture and that from 
valuable fattening land. Hall and llussell^ arrive at the same 
conclusion in their study of the fattening pastures of Komney 
Marsh. More discriminating methods of analysis are oliviously 
required, for although a food may contain a sufficiency of mixed 
protein, it is on.ly of limited value if some necessary six-cific protein 
is absent. Further, the estimation of the digestibility of food is 
full of difficulties, and even when this factor has been deteimin.ed 
more or less satisfactorily we are confronted with the question 
whether the digested portion of the food is entirely or only partially 
avaikble tor animal nutrition. 


^ Science ProgresSt Vol. Vll, No. 27, p. 420. 
* Journ. Agn, Science^ Vol. IV, p. 339. 
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In considerii^ tte composition of Indian fodders, however, we 
are not at present dealing with the finer points of digestibility and 
availability so much as with the fact that in order to obtain its 
necessary daily ration of protein an animal has to consume about 
twice as much Indian fodder grass as would be required if the 
grass came from a more temperate country. It has been found 
that the quality of a fodder is susceptible to climatic ■ changes, 
while Crowther and Ruston ^ in their investigation of the ripening 
of grass for hay found that poverty in protein was characteristic 
of fodder grown in dull cool weather. 

. In view of the apparent poverty of Indian grasses, any other 
fodders which can be grown easily are deserving of attention. 
Leguminous fodders are particularly valuable, even the wild bulty 
legume Alysicarpus rugosus has a total protein content of over 
13 per cent. The cultivated leguminous fodders like lucerne 
{Medicago saliva), Egyptian clover or herseem {Trifolium alexan- 
drinum), etc., are naturally of the greatest value where they can be 
grown, but the fact that they are not found to seed locally militates 
against their general adoption. 

Of the bulky fodders commonly fed to cattle in the Central 
Provinces and Berar, rice and wheat straw and juar stalks are the 
most important. Many other fodders have been tested on Govern- 
ment farms in the provinces ; but with the exception of Egyptian 
clover {Trifolium ahxandrinum) and the small bamboo {Dendro- 
calamus strictus) none of them has shown much promise of being 
suitable for adoption on a large scale. Egyptian clover or herseem 
does best when sown in rice fi.elds about ten days or a fortni^t 
before that crop is harvested. When the monsoon ceases in Septem- 
ber, it does well when sown in a standing crop of early rice early 
in October ; but if the rains are more prolonged, it does better if 
sown later in fields carrying medium or late rice. To secure uniform 
germination it is all important that the seed should be sown while 
the surface soil is still damp. By lying in contact with moist soil 
the seed germinates in four or five days, and the young clover 


^ Joum, Agru /Science, Vol. IV, p. 305. 
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{^Dt is 'W'ell established in about ten days, by which time the rice 
can be harvested. Clover sown in standing rice does better than 
that sown in open fields which have had to be, cultivated before 
sowing. This would appear to be due to the fact that in its early 
stages the young clover plant does better when shaded from the 
'hot glare of an October sun. 

The seed rate required for clover broadcasted in standing rice 
fields is 40 lb. per acre. Within six weeks from the time of sowing 
the crop attains a height of about 15 inches. If cut at this stage, 
there will be a second growth ready a month later. Cuttings of 
from three to four tons per acre can be obtained every month 
from December till April, if the land is kept slightly, moist by 
irrigation. The best time to irrigate is immediately after cutting. 
It is very responsive to manuring and it has been observed that 
when its cultivation is continued on the same land its outturn 
increases gradually. This may be due to the increase of nitrogen- 
fixing bacteria in the soil, or to the manurial value of the roots 
left behind, or to both. As a fodder it is easily the best of those 
which have been tested up to date in the Central Provinces. If 
it were possible to raise seed locally, the crop would undoubtedly 
have a great future ; but under existing conditions the yield of 
seed per acre is only from 60 to 80 lb. 

For poor light soils which cannot be irrigated, small bamboo 
{D. strictus) promises to be a most useful fodder, more especially 
in years of drought. Sir George Watt in his Dictionary of the 
Economic Products of India describes this bamboo as being densely 
tufted and gregarious, and as having strong and more or less solid 
culms of from 30 to 60 feet in height. It occurs on moderately 
dry hills throughout India and Burma, except in Northern and 
Eastern Bengal and Assam. It flowers after about 30 years ; and 
after flowering the plants die. This bamboo does very well on the 
poor gravelly soils of the rice tract of the Central Provinces where 
the rainfall ranges from about 46 to 60 inches per annum. 

Plate XXI, fig. 1, shows the height attained in three years by 
bamboos grown on “ mooram ” soils on the Chandkhuri Farm, Baipur. 
The seedlings were lalid in an incited nursery and planted out in 
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the beginning of the rains. The first cutting taken in June after 
three years’ growth yielded 19 J tons of green fodder per acre which 
was much relished by the farm cattle as will be gathered from 
Plate XXI, fig. 2. Though the tender twigs and green leaves of the 
older culms were removed from time to time during the rains no 
apparent injury Was done to the culms. From the outturirs already 
obtained, there is reason to believe that yields of from 40 to 60 tons 
of leaf per acre can be obtained from this variety of bamboo three 
years after planting. The aivalyses of the leaf both in the dry and 
gieen state made by the Officiating Agricultural Chemist are given in 
the stjitement below. Borne analyses of other locally grown fodders 
are also given. 

Table II. 
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It will be seen that of the most important constitutents of 
food, viz., protein, oil and carbohydrate, dry bamboo leaves contain 
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nearly four times as much protein as is contained in the common 
grasses. The proportion of sand is somewhat high in both, and 
the proportion of indigestible fibre is greater in grasses than in 
bamboo leaves. The nutritive value of bamboo leaf appears to be 
at least equal to that of our grasses, while the yield obtained per 
acre is very much greater than that obtained from grass on similar 
soil. For the first cutting taken in June last year the variety 
Dendrocalamus strictus gave, as already pointed out, a yield of 
19j tons per acre on the Chandkhuri Farm. Spear gi-ass {Andro- 
pogon contorts s), which is commonly found on this poor class of 
gravelly soil at present, ordinarily gives from 1^ to 2 tons of green 
fodder per acre, which is equivalent to from 350 to 700 pounds 
of dry grass. It should be possible in parts of India where tracts 
of poor land are available and where the rainfall is suitable, to 
establish bamboo fodder reserves from which useful supplies of 
green fodder could be obtained for 7 or 8 months of the year, and 
from which bamboo hay could be nuide for utilization in years of 
fodder famine. That bamboo hay is a palatable fodder for cattle 
has been proved on the Telinkheri Dairy Farm, where an experiment 
is now being carried out to compare its feeding value with that of 
dry grass. In the green state it is already used as a fodder in 
certain parts of India. In this state it is supposed to possess 
medicinal properties and is commonly fed to ponies and cattle 
suffering from ailments such as “ broken ” wind and foot-and- 
mouth. 

There are many other uses to which this bamboo could be 
put : its seed is a most welcome food-grain and its tender culms a 
welcome vegetable in famine years. Its mature culms are used 
as rafters and battens, or in the manufacture of mats and furniture. 
In jungly areas where bamboos are plentiful and where pigs abound, 
the cultivator fences his cane and vegetable plots with a -fence 
made of split bamboos. There is, in short, good reason to believe 
that the systematic cultivation of this most useful species is well 
worth the serious consideration of the Department of Agriculture 
in this country. 



SOME FACTS AND FIGURES REGARDING 
BANANA CULTIVATION. 

BY 

W. BURNS, D.So., 

Economic Botanist, Bombay; 

ANT) 

P. G. DANI, B.Afl., 

OJ Bombay Agricultural Department. 

The following facts and figures are culled from a mass of 
records of two plantations in the Ganeshkhind Botanical Garden, 
and may be of some use in giving more accurate information regard- 
ing this important crop. 

Two varieties were used. In the first plantation was planted 
a variety locally known as Soni, with a medium-sized, very sweet, 
yellow-skinned fruit. The area of the plot was 23 gunthas, that 
is 23/40ths of an acre. The suckers were put in at 15 feet apart 
each way, and were 110 in number. The main objects of this 
plantation were to provide material for 

(1) observation of the development and morphology of the 

inflorescence and flowers of the banana ; 

(2) study of the problems of pollination, fertilization, and 

hybridization. 

Incidentally other observations were made or recorded in the 
cultivation sheets, and it is these that are here presented in a highly 
condensed form. 

It should be mentioned that this work passed through the 
hands of no less than three assistants and hence there was some 
little trouble in disentangling facts from the records, but the state- 
ments now made are sound. 
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The plantation was destroyed in March 1919. The total 
yield of raw fruit for the plantation from June 1916 to this date 
was as follows : 



Yield 


for 23 gunthaa 

calculated per acre 

Weight .. 

15,637 lb. 

27,1941b. 

Number of fruits 

81,066 

140,984 


The original sucker we called the mother-sucker, and the 
following suckers that came into bearing on the same stool we 
called the first, second, etc., sucker-generation. Suckers were cut 
away from the stool at first so as to leave one in bearing, one half- 
grown and one just starting. Later on this rule was not strictly 
observed. The total number of suckers that came into bearing 
during the time of the experiment was 494, representing the mother 
generation and up to three sucker generations after it. 

The average yield per sucker (mother or daughter) during 
the period of experiment was 31*65 lb. in weight or 164 fruits in 
number. 

A manurial experiment was carried out, the plot lx!ing divided 
into two, one part treated with a mixture recommended by Dr. 
Mann and the other receiving local treatment. Later on both plots 
received the same treatment. The following are the dates and 
methods of manuring, the quantities given are per stool 


June 21, 1915 

Both plots received 80 lb. farmyard manure per stool, at time of planting. 

June 26, 1916 

8ub-plot 1 received 20 lb. poudrette and 1 lb. Jlr. Mann’s formula, and 
Sub-plot 2, 40 lb. poudrette. 

Jan. 11, 1917 

Do. Do. Do. 

(Manurial experiment ended.) 

Feb. 9, 1917 

Both plots received 140 lb. farmyard manure and one lb. bone meal 

per stool. 

June 1, 1917 

Do. Do. 1001b. poudrette. 

Jan. 23, 1918 

Do. Do. 1001b. poudrette. 
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The manurial experiment has been recorded in the Annual 
Report of the Ganeshkhind Botanical Garden for the years 1916-16* 
1916-17, and 1917-18 and in Bulletin No. 89 of the Bombay Agri- 
cultural Department. There is no need to say more of it here than 
to state that the poudrette plus Dr. Mann’s formula proved the 
better treatment. 

Watering was done at ten-day intervals. 

The attached table is a record of the behaviours of three stools 
(numbers 14, 46, and 77) taken at random in the whole plantation. 


Tree No. 

Date of 
harvesta 

No. of days 
between 
harvests 

Weight 
of fruit 
produced 

No. of 
fruits 
j)roduced 

Fluctuation 





lb. 


1 

1 


14 mother 

1-11-10 

1 year and 130 

18 

1.30 

. . 




day.s from 







planting. 





A gen. 

i:mm7 

312 

28 

183 

“f'Sl! 



1-7 -IS 

288 

30 

218 

+35 


4(i mother 

2,3-9-10 

1 year and 92 

24 

154 

.. 




days from 







planting. 




SiKter 

f A gen. 

15-5-17 

232 

31 

172 

+ 18 

siickorH 

(a „ 

7-8-17 

82 

GO 

207 

+35 


(B „ 

25-5-18 i 

288 

44 

230 

+23 

Do. 

1 

■y 






(B „ 

24-0-18 

30 

1 

6.3 

210 

-14 


77 mother 

31-8-10 ' 

1 year and 70 

8 

104 




1 

days from 






1 

] dan ting. 





fA gon. 

,5-4-17 

21.5 

18 

248 

144 


'a 

8-4-17 

3 

41 

253 

+ 6 

Do. 






[ 


[A 

7-8-17 

119 

25 

145 

-108 



11-5-18 

274 

10 

157 

+ 12 


B „ 

1-0-18 

20 

50 ' 

203 

+ 46 

Do. 

B „ 

1.3-6-18 

12 

40 

228 

+ 26 



14-7-18 

il 

52 

180 

-48 


On examining the above table we see that from the date 
of planting to the date ol fruiting of the bunch the aveiajge 
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number of days required is one year, three nxonths and seven 
days. 

From the date of harvest of the mother to that of next gene- 
ration the interval is 280 days. 

The same from A to B is 298 days. 

The yield in the first generation is more by an average of 
72 fruits than that of the mother, and is still more by an average 
of 3 in the second generation than the first. (Here the average of 
three stools is taken.) 

The appearance of the inflorescence is always heralded by the 
appearance of leaves which we have named transition ha ves, inter- 
mediate between a foliage leaf and a bract. The text-figure shows 
their appearance. 



Traniition Ifavos 1 and 3, and Srat bract of a banana plant. 

2 
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The average interval between the appearance ot the first 
transition leaf and the harvesting of the bunch was as follows : — 



No. of trees 
averaged 

No. of days 

Mother generation . . 

23 

121 

Sucker „ 

9 

166 

S* »f • • • • • • 

4 

163 

t> tl • • • • • • 

4 

166 


The second plantation consisted of plants of the Rajeli variety 
from Walhe village on the Madras and Southern Mahratta Railway. 
This variety is elsewhere known as Bajapuri or GujaratJd. This 
is a variety more dwarf in habit and with a more angled and slightly 
coarser fruit than Soni. The area planted was 8 gunthas (8/40ths 
of an acre) and the distance between trees each way was 11 
feetj The total number of trees was 72. The plantation was begun 
on July 8, 1916, and destroyed in the beginning of March 
1919. 

The total yield for the whole plantation during its existence 
was : — 



Yield 


for 8 gnnthas 

calculated for 
one acre 

l^eight 

Number of fruits 

4,687 lb. 

17,210 

23,0861b. 

86,060 

The average number of sucker generations per stool was two. 
The average yield per sucker was 2r27 lb. or 79-30 fruits. 


The manurial treatment was as follows : 

July 8, 1916 . . 60 lb. of poudrette per stool, at the time of planting, 

June 1, 1917 100 lb. of poudrette per stool. 

Watering was done at ten-day intervals. 
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Taking three stools at random (Nos. 24, 32, and 49), the 
following are details regarding time of fruiting, etc : — 


Tree No. 

Date of 
harvest 

No. of days 
between 
harvests 

Weight of 
fruit 

produced 

No. of 
fruits 
produced 

Fluctuation 

24 mother 

31-7-17 

1 year and 23 

lb. 

40 

114 


A gen. 

20-4-18 

days from 

planting. 

260 

70 

151 

+37 

B „ 

6-8-18 

105 

29 

130 

-21 

.^2 mother 

26-8-17 

1 year and 47 

40 

88 


A gen. 

27-4-18 

days from 

planting. 

242 

24 

102 

+14 

B „ 

10-9-18 

133 

1 

18 

79 

-23 

49 mother 

13-9-17 

1 year and 66 

16 

64 


A gen. 

3-5-18 

days from 

planting. 

230 

50 

1 149 

+85 

B „ 

21-2-19 

288 

19 

62 

-87 


On examining the foregoing table we see that from the date 
of planting to the date of fruiting of the mother plant the average 
number of days required is one year and 46 days. 

The interval between dates of successive harvests is — 

an average of 244 days from mother to first generation, and 
„ „ 119 „ „ first to eecond generation. 

As to yield there is an average increase of 46 fruits in the first 
sucker generation and an average decrease of 44 fruits in the second 
generation. 

The following calculations show the probable profits from the 
cultivation of the 8oni variety in the Poona District. 

Cost of cultivation. 

Cost of labour : — ^man chaxged at the rate of 8 as. per day. 


woman do. 

do. 

4 as. 

do. 

child do. 

do. 

4 as. 

do. 

bullock do. 

do. 

4 as. 

do. 


Farmyard manure at Rs. 2 per cart and poudrette at Rs. 2*4-0 per oart# 
Two cart-loads are equal to one ton (2,240 lb.) 

One basket is equivalent to 20 lb. 

56 auqb baskets make one cntt.loa4* 






SOME NOTES ON COTTON IN SIND. 


«Y 

K. I. TIIADANI, B.Ag., 

Of the Deparlinetit of Agriculture, Stud. 

The economic significance of natural crossing is a matter 
of the first importance, as it affects the improvement and intro- 
duction of varieties and also distribution of seed. Hence it is worth 
while to estimate the extent to which it occurs and also to find out 
an efficient means of protection against it. Professor Gammie, 
from the failure of emasculated flowers exposed to natural crossing 
to fertilize, was led to believe that Indian cottons were normally self- 
fertilized, b\it the most reliable method of obtaining accurate 
information on the subject should be based on a stud}* of single 
plant cultures. 

During the course of the wi'iter’s selection work on the local 
cotton {Gossypium neglectum) in Sind, he has been dealing with a 
large number of single plant cultures for the last few years, and the 
record of the examination of their progeny may give a clue to the 
present inquiry. The local cotton in Sind is composed of four 
varieties, two with white flowers, namely, (1) Neglectum rosea and 

(2) Neglectum cutchica, and two with yellow flowers, namely, 

(3) Neglectum vera and (4) Neglectum malvens'is. It has been shown 
by Leake and corroborated by Fyson that white colour of the petals 
in the cotton flower is recessive while yellow is dominant. If that 
is so, the extent of natural crossing can be determined with cer- 
tainty from the behaviour of the progeny of the white-flowered 
plants exposed to natural crossing ; while the examination of the 
progeny of the yellow-flowered plants will not help much, as the 

( 393 ) 
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first generation hybrids always assume the dominant foim and thus 
escape detection. 

In the year 1916-:16, sixty-four white-flowered plants were 
marked in an ordinary field where all forms were growing mixed. 
Each was picked separately, sown next season in line culture and 
the progeny examined. Three cultures were lost and the detailed 
results of the remaining sixty-one cultures may be summarized 
as under : — 


Variety 

No. of single 
plant cultures 

No. of cultures 
breeding true 
to type 

No. of cultures 
splitting 

Percentage of 
plants affected 
by natural 
crossing 

Neglectum rosea 

34 ! 

6 

28 

84 

Negledum cutchica 

27 

1 

8 

19 I 

70 


In the year 1916-17, fifty white-flowered plants were similarly 
marked in a mixed field, separately picked and sown next season 
in line cultures. The detailed results of the examination of the 
progeny are summarized as under : — 


Variety 

No. of single 
plant cultures 

No. of cultures 
breeding true 
to typo 

No. of cultures 
splitting 

Percentage of 
plants affected 
by natural 
crossing 

Nfglectum rosea 

28 

6 

22 

79 

Neglectum cutchica 

22 

1 

1 ^ 

' 

17 

77 


Similarly, the selection of ninety-nine white-flowered plants 
in the year 1917-18, sown next season, gave us the following 
results ; — 


V’^ariety 

No. of single 
plant cultures 

1 

No. of cultures 
breeding true 
to type 

No. of cultures 
splitting 

Percentage of 
plants affected 
by natural 
crossiiig 

Neglectum rosea 

49 

19 

30 

00 

Neglectum cutchica 

50 

14 

.... 

36 

72 
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The results of the selection of 1918-19 are as under : — 


, 1 

Variety 

No. of single | 
plant cultures 

No. of cultures 
breeding true 
to type 

1 

No. of cultures 
splitting 

Percentage of 
plants affected 
by natural 
crossing 

Neglectum rosea 


36 

16 

20 

65 

Neglectum cutchica 


10 

5 

6 

60 


The results show that vicinism causes from 60 to 84 per cent, 
of the plants to become affected by natural cross-fertilkation. 
The percentage would be stUl higher if we were to take into con- 
sideration fertilization between sister plants which remain un- 
detected. It has been further found that one plant bears on an 
average twenty flowers and that the affected plant gets on an 
average two of its flowers naturally crossed. At that rate the 
percentage of natural cross-fertilization would amount to from 
5 to 8'5 per cent. 

Since natural crossing is annually occurring and is a perma- 
nent source of trouble, confusion, and error, any practical means 
of protection against it would be simply invaluable not only from 
economic considerations, but also in solving genetic problems. 
In all line cultures, specially in Mendelian work, covering of the 
plants or the flowers is an absolute necessity. Several devices are 
resorted to, such as paper covers, muslin bags, nets, rings, sutures, 
etc. Whatever the device, the labour involved is considerable 
and there is always a certain percentage of flowers that do not 
set. Further, Mr. Leake found that the effect of continued covering 
leads to sterility. Apart from this, the application of these devices 
is limited to small cultures, being of no avail for cultivation on a 
field scale where roguing and insolation are the only means of 
protection. 

During the course of the writer’s observations on the cotton 
flower he chanced upon a flower which was marked (among several 
others) at 10 o’clock in the morning, when it was a full bud, for 
the purpose of recording the exact time when it would open. After 
two how bud was very much swollen but the tip was 
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completely sealed, maintaining the shape of the bud, while other 
flowers had opened their petals wide apart. The particular flower 
was kept under observation, every hour until evening, but the 
petals never opened ; the bud began to shrivel from 2 o’clock, showing 
that fertilization had taken place inside. Observations were 
continued till the next day, but the petals did not open as 
was expected from the shrivelled apj)earance of the closed petals 
on the previous day. It was then properly marked and labelled 
for collection of seed. When the boll was formed a small bag was 
put on lest cotton should drop on the ground when the boll burst. 
The same evening while rambling in his cotton plots the writer 
found some foitilizcd flowers with closed petals as distinct from 
those that had opened as usual. The circumstances led to the 
search of some more cleistogamic flowers and the writer was able 
to find about a dozen and a half on which observations were taken 
during the full course of a day. It may be further remarked that 
the plants on which cleistogamic flowers were discovered had 
mostly opened all the flowers except the one closed flower that 
was found. The case is analogous to that of Nilsson who dis- 
covered that in pure lines of oats occasional grains appear that 
are aberrant either in colour or morphological characters. The 
variations tested by him either bred true at once, or after one or 
two generations practically all of the progeny bred true to the 
character. 

Now it remains to be seen if this character is hereditary or 
if it can be fixed, llie very existence of cleistogamic flower sug- 
gests that a race could be bred in which the flowers would admit 
no crossing. In conclusion, the writer is reminded of a passage 
from Balls who, while describing the various means of protection 
against natural crossing, says : — 

Another obvious possibility is the discovery or manu- 
facture of a cleistogamic flower which shall absolutely 
refuse to admit foreign pollen to its style. At one 
stage of these researches the author seemed to be well 
on the road to success in this direction and the story 
of ultimate failure is not without suggestiveness.” 
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Failing to find anywhere a hint of the existence of uncrossable 
cotton flowers, Balls was led to experiment on a short style flower 
in which the opportunity of foreign pollen to reach the style was 
small, and came to the conclusion that the accessibility of the style 
was a minor factor in natural crossing under the conditions of our 
breeding plot. 



STUDIES IN BIOCHEMICAL DECOMPOSITION 
OP COW-DUNG AND URINE IN SOIL* 


BY 

N. V. JOSHI, B.A., M.8c., L. Aa., 

C^g. Assistant Agricultural Bacteriologist, Pusa. 

In a previous paper on nitrification of green manures, read at 
the last Science Congress, by the writer, it was shown that certain 
plant tissues, e.g., stems and roots, fail to nitrify in soil, even 
.under optimum conditions of temperature and moisture, and also 
aa a result of further experiments it was suggested that “ the 
failure to nitrify, so far as ascertained, does not depend on the 
nature of the nitrogenous materials. It is probably due to nitrate 
reduction occurring in the presence of gieat quantities of non- 
nitrogenous materials, such as cellulose and woody tissue.” In 
order to find out whether and, if so, how far this explanation is 
applicable in the case of other organic nitrogenous materials, experi- 
ments with a number of different manures like oil-cakes, cattle-dung 
and urine, and sheep-fold manure, etc., were initiated, but as it 
would unduly lengthen the paper if we were to deal with all the 
substances examined at one time, it is proposed here chiefly to deal 
with the trials made separately with cattle dung and urine only. 
These two materials are of the greatest importance to the agri- 
culturist, especially in India, as they form principally the only 
sources of manure to the small cultivator in this country where 
practically no artificial manures or oil-cakes are employed in the 
usual farm practice, except by planters or rich cultivators. It will 
perhaps be asked at the outset why experiments with farmyard 
manure direct were not so far carried out, since farmyard manure 


• Papei read at the Seventh Indian Science Congress, Nagpur, 1920. 
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is the most commonly used manure all over the world, and both 
the materials experimented with, viz., cattle- dung and urine, are 
associated together in the hirmyard manure as its chief constituents. 
It may be pointed out, however, in reply that the work on farmyard 
manure is complicated by the fact that this manure undergoes 
several chemical and bacterial changes during storage and further 
the quantities of dung and urine which are added in different places 
while up the &rmyard manure are subject to such a wide 

variation that no useful purpose would have been served by taking 
up the study of farmyard manure at ’once ; especially as it was 
considered that more useful information could be obtained by 
studying, in the first instance, the decomposition of the two mate- 
rials — dung and urine— separately, either before or after fermenta- 
tion. Besides, the study of the decomposition of these substances 
separately was more suited to our purpose as the difference in the 
chemical composition of these substances is already known. The 
urine of animals contains nearly all the potash and a good deal of 
nitrogen with only a very small amount of phosphate, while the 
non-nitrogenous material present is very much smaller as compared 
with dung which contains a proportionately larger amount of non- 
nitrogenous materials. The amount of phosphate voided with the 
dung is also comparatively larger. Moreover, the urine contains 
the plant foods not in solid form as in the case of the dung, but in 
solution. It was therefore proposed to see in the first instance 
which of these two substances in a fresh condition, i.e., before 
fermentation, is more easily nitrified, as the knowledge whether any 
particular or^nic substance would readily decompose in a soil so 
as to be immediately available to the crop is hkely to be very useful 
to the agriculturist. 

The study of the decomposition of these substances after they 
were separately stored and had undergone fermentation was also 
further taken up as it was. considered to be of practical value from 
the point of view of conservation of farmyard manure. Owing to 
fermentation and drainage, the loss from the manure kept in the 
ordinary way is a very serious item, and the problem of conser- 
vation of farmyard manure would be much simplified if it were 
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known which of these substances is responsible for the serious 
losses known to occur during storage of this manure. Although it is 
doubtful whether such a study will confer immediate benefits or solve 
the problem at once, the writer was led to undertake the investi- 
gation in the hope of getting some useful data. The results so 
obtained form the subject matter of the present paper and are 
presented here with a view to elicit useful criticism. 

While studying the nitrification of cattle-dung and urine, it 
was the writer’s original intention to study and compare the de- 
composition of sheep dung and urine, but it was not possible to 
arrange to get these separately. Only sheep-fold manure {i.e., a 
mixture of dung and urine) was available. Trials with this are 
included here just to indicate what kind of results can be ex|)ected 
with the mixture of dung and urine obtained. 

Cow-dung and urine and sheep-fold manure were brought to the 
laboratory in fresh condition and were immediately amlysed for 
their moisture and nitrogen content. These being determined, 
they were then separately added to each kilo of air-dry Pusa soil 
at the rate of 30 mgm. of organic nitrogen per 100 grm. of dry soil 
(equivalent to 750 lb. of N per nine inch acre), water was added so as 
to make up the moisture content of the soil up to 16 per cent., allow- 
ance being made for the water already contained in the manures. 
The manures Were then thoroughly mixed with the hand and each 
lot filled in separate glass bottles covered and kept at 30° in the 
incubator. It would be useful here to mention that the quantities of 
nitrogen and moisture stated above had been found to be optimum 
for the Pusa soil for nitrification and were therefore adopted in 
these experiments. 

Samples for analysis were taken after thoroughly mixing the 
soil, to determine quantitatively the amount of ammonia, nitrite and 
nitrate formed at the end of each week for the first four weeks, after 
which time determinations were made at an interval of two weeks. 

The methods of analysis were the same as those employed on 
the previous occasion.^ 


* Joiihi, N. V. Agric. Journ. of India, Special Indian Science Congress No., 1919, p. 400. 
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In Chart I, the amounts of nitrates formed by the decom- 
position of cow-dung, urine and sheep-fold manure, as found by 
analysis, are plotted in the form of curves. It is clear that cow-dung 
does not show any nitrate formation. Urine shows the greatest 
amount of nitrates, while sheep-fold manure, which is a mixture 
of dung and urine, stands between the two. In the opinion 
of the present writer these results confirm the previous contention 
that the absence of nitrate accumulation (as in the'case of cow-dung 
and sheep-fold manure) is due to the nitrate reduction occurring 
in the presence of great quantities of non-nitrogenous materials 
such as cellulose, since the nitrates are found to vary inversely 
as the amount of non-nitrogenous material. Cow-dung, which 
contains the greatest amount of non-nitrogenous material asso- 
ciated with the nitrogenous one, shows the least amount of nitrates ; 
urine, which has the least amount of non-nitrogenous material 
associated with the nitrogenous one, has given rise to the greatest 
amount of nitrate ; while sheep-fold manure is intermediate between 
the two, both as regards its non-nitrogenous content and the 
amount of nitrates found. 

Since farmyard manure consists mainly of dung and urine 
which have undergone some changes, aerobic as well as anaerobic, 
in heaps or manure pits, it was proposed to see what effect the 
storage has on the decomposition of each of these materials singly 
with special reference to nitrate formation. For this purpose the 
materials left over after use in the first experiment and kept in 
open jars with clock glass covers were used. Fresh determinations 
of nitrogen and moisture content were nrade and the materials were 
then separately added to soil on the same basis— 30 mgm. N 
per 100 grm. of soil as before. Chart II gives the results showing 
that while urine has retained its place as regards high nitrifi- 
abiliiy, cow-dung and sheep-fold manure have exchanged places ; 
cow-dung, after storage, is superior to sheep-dung, and further 
a greater amount of nitrogen has been transformed into nitrates 
both in the case of the stored cow-dung and sheep-fold manure 
than the amounts so transformed from these substances in fresh 
condition. 
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The results of one experiment were, however, considered insuffi- 
cient proof, because it was realized that the composition of cow- dung 
is not uniform in all seasons and might also vary with the food given. 
Another experiment was therefore arranged on the same lines as 
before about four months after the first, and this time the 
addition of straw (which usually finds its way into the manure heap) 
was introduced as a variation, so that each of the materials used 
was tried, with and without straw, there being thus six bottles 
instead of three as in the previous two experiments. The straw 
added amounted to only 0*6 to 0*6 per cent, of the quantity of dung 
employed, although the amount of straw heaped together with 
cow-dung in the manure pit was estimated to be about 20 per cent, 
of the quantity of dung. This estimate is confirmed by the figures, 
kindly supplied by Dr. Mann, of one particular experiment lasting 
for one week made at the Poona Agricultural College Farm. 

The figures are as follows : — 

Cow-dung .. .. .. 3,886 lb. 

Straw . . . . . . 862 lb. 

which show that the straw is about 22’2 per cent, of the cow-dung. 

The smaller quantity of straw was employed because in some 
other experiments it had been found sufficient to show its effects 
on the course of nitrification. 

Chart III illustrates the results. It will be seen that they 
are of the same type as those obtained in the two previous experi- 
ments, and further that the addition of straw had the effect of 
lowering the amount of nitrate found in each case. 

In order to see the effect of storage as in the previous case, 
cow-dung, urine and sheep-fold manure which had remained after 
use in the third experiment were divided each into two equal lots 
and each lot was stored in a separate jar. The jars Were then 
divided into two sets. Jars in one set comprising one lot of each of 
these substances were covered with ground glass plates, which 
were then made airtight on the edges of the jar by rubber lute 
with a view to exclude the outside air, thus securing the storage of 
the materials under anaerobic conditions as far as possible. In the 
other set the jars had only paper covers and thus had access to 
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outside air ; this set is therefore called “ aerobic.” No attempt 
Was, however, made to pass the current of air over the materials 
in the aerobic set. Both these sets of jars were left at laboratory 
temperatures varying between 28® C. to 30® C. After a few months’ 
storage under these conditions, the materials as fermented were 
taken out, their moisture and nitrogen content determined and then 
they Were separately incorporated in the soil. The variation 
introduced by the addition of straw was retained in both cases. 
Other conditions of the experiment were also the same as before. 
The results are shown in two separate charts, Nos. TV and V. The 
aerobically fermented materials have practically given the same 
results as in the previous case, except that the sheep-fold manure 
gives slightly more nitrates than the cow-dung. In the case of the 
anaerobically fermented ones it will be seen that although urine 
retains its high place as regards its nitrifiability, the anaerobically 
fermented sheep-fold manure and the anaerobically fermented 
cow-dung have changed places. The straw has shown its effect, 
viz., that of lowering the amounts of nitrates, in every case. Com- 
paring the results of the two sets it may be observed that although 
there is very little difference between the amounts of nitrate formed 
from the cow-dung fermented aerobically or anaerobically, still there 
is a good deal of difference between the two lots of sheep-fold manure. 
This is illustrated in a separate chart (No. VI) comparing the two, 
from which it will be seen that the anaerobically fermented sheep- 
fold manure is inferior to the aerobically fernaented one. As such 
difference is not noticeable in the case of cow-dung or urine when 
each of them is stored separately, but noticeable only in the case of 
dieep-fold manure, it is natural to enquire whether this inferiority 
with reference to nitrifiability of the anaerobically fermented sheep- 
fold manure is not due to the fact that it is a mixture of dung and 
urine ; and whether separate storage of dung and urine of cattle 
would not be more advantageous than the addition of the urine 
into the manure pit ? The question is well worth further study 
not only from the point of view of nitrifiability of material but 
also from another point of view, viz., the loss of nitrogen during 
storage, as it was incidentally noticed that under anaerobic 
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conditions of storage there was no loss of nitrogen from urine, that 
from cow-dung only slight, but sheep-fold manure under anaerobic 
conditions lost more nitrogen than either. 

Under aerobic conditions there was loss in all cases, but as the 
figures for loss in moisture under these conditions were not accurately 
determined beforehand, no opinion can be expressed as to the 
relative loss of nitrogen from each of the materials. This question 
of loss of nitrogen during storage is being further investigated to 
obtain more accurate information. 

It must have occurred to many that the experiments carried 
out so far are open to one serious criticism, viz., the excessive 
amounts of materials used in the experiments. These are no doubt 
higher than the amounts normally employed in the field. But these 
quantities were taken with due regard to the amount of nitrogen 
which had previously been found suitable for nitrification experi- 
ments with Pusa soil and to the fact that the concentration of 
nitrogen should be such as to enable one to detect even small 
differences in what may be termed the nitrifiability of materials. 
In order, however, to leave no room for criticism of such a kind, 
and also on account of the very wide differences in nitrifiability 
of materials compared (as already noticed in these trials), a fresh 
experiment was arranged in which the quantities employed 
approximated to what may be called heavy manuring such as 
is given to garden crops or other soil-exhausting crops like 
tobacco. The quantity of manure employed was calculated on 
the basis of 50 cart-loads, i.e., about 26 tons of farmyard manure 
per acre. For ordinary crops 25 cart-loads are considered sufficient 
for Pusa soil. These quantities were found to supply 15 mgm. of 
N per 100 grm. of soil instead of 30 mgm. as before. The 
addition of straw was retained as a variation. Sheep-fold manure 
was not available at the time. Soil alone and soil plus straw were 
introduced as controls. 

In addition to nitrification experiments, COg production experi- 
ments were carried out. The COg produced in soil by each of these 
treatments was measured every day in order to see whether there 
is any relation between the process of nitrification, as represented by 
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BIOCHEMICAL DECOMPOSITION OF COW-DTTNG IN SOIL 405 

the amount of nitrates which are the final product of the nitrogen 
changes, and the process of CO 2 production, which latter may he 
said to measure the general biological activity of the soil. 

Furthermore, soils receiving the different treatments were 
plated out and bacterial counts made to see whether the number of 
bacteria and the amount of COj produced could be correlated. 

It was considered advisable to determine also the total nitrogen 
along with ammonia, nitrites, nitrates, etc. Besides, samples of 
soil were taken from each nitrification jar for determining the 
moisture content, loss on ignition and humus every week. 

Charts VII, VIII and IX and Table I show the results which 
may, in general, be set down as follows. 

The nitrate curves (Chart VII) fully confirm the results 
obtained in the previous two cases ; fresh cow-dung shows practically 
no nitrate formation, while urine shows the highest. The addition 
of straw, as in the previous experiments, lowers the amount of 
nitrates. 

The CO 2 production (Chart VIII) shows practically an 
inverse order as regards cow-dung and urine, cow-dung giving a 
much higher amount than urine. As regards the effect of addition 
of straw on COj production, it may be observed that increased 
amounts of CO 2 are produced where straw is added as in the case of 
the control plus straw and urine plus straw as compared to the 
corresponding lots without straw. In the case of cow-dung, however, 
no such marked difference is observable, which may be explained 
by the fact that cow-dung itself contains a krge quantity of un- 
digested cellulose material ; a further small addition in the shape of 
straw does not therefore affect the results to any great extent. 
The fact that nitrate curves and COj curves are in the inverse order, 
and further that the addition of straw while lowering the amounts 
of nitrates leads to increased production of COg needs to be empha- 
sized. Previous writers have, on account of the similarity of curves 
for nitrate content and COj production, tried to justify the view 
that the two processes are related to each other. It will appear as a 
result of our e35>eriments, however, that these two processes are 
not necessarily cmrelated. 


3 
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Chart IX illustrates the curves for bacterial numbers. A com- 
parison of this chart with the previous one of CO 2 production shows 
a close similarity between the two sets of curves, which leads to the 
inference that the CO^ production is directly related to the bacterial 
numbers. 

Figures for total nitrogen are given in the accompanying table. 


Table I. 

Milligrams of total Nitrogen per 100 grm. of soil. 


Treatment 

Original 

1st week 

2nd week 

4th week 

Gth week 

8th week 

Soil control 

57*4 

67-4 

57*4 

57*4 

56*0 

56-0 

Soil -f straw 

60-2 

60-2 

60-2 

60*2 

61*6 

01*6 

Soil -f cow-dung 

75-2 

79-8 

79*8 

81*2 

81*2 

81*2 

Soil + cow-dung -f straw 

78-0 

82*0 

81*2 

82*0 

88*2 

86*8 

Soil + urine 

72*1 

70*0 

70*0 

08*6 

72*8 

71*4 

Soil -f urine 4- straw 

75*2 

79*8 

79*8 

79*8 

82*6 

79-8 


It is interesting to note that the figures for total nitrogen deter- 
mined weekly are higher in those cases where there is less nitri- 
fication {e.g., in all those cases where straw has been added), 
and in order to account for this fact, it requires to be investigated 
whether there is any loss of nitrogen during nitrification or whether 
there is greater nitrogen fixation with the cellulose materials. 
A third alternative possibility, which has to be considered, is 
that the method for estimation of total nitrogen (which is 
meant and supposed to include nitrates) may be at fault. It is 
necessary, therefore, to examine critically whether any loss of 
nitrogen occurs during digestion, when nitrates in unusually greater 
quantities are present. 

It may be mentioned that in the method used for determining 
the total nitrogen in the soil, copper sulphate was used instead of 
mercuric oxide, as this was recommended by Scott^, and also because 
it was found that the use of the latter consistently gave lower 

* Scott* Standard Methods of Chemical AnalyaU* Second Ed., p, 295 . 
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figures, whenever both the methods were compared, in the case of 
Pusa soil. Whether this result is due to impurities in mercuric 
oxide remains to be seen. 

The only other feature of interest in the rest of the analytical 
results is that about 60 per cent, of the total humus is found to be 
free, the rest is combined with lime. 

By way of anticipating criticism it might be observed that 
while the biological decomposition of organic matter is generally 
recognized to be of fundamental importance to soil fertility, it is 
nevertheless questioned by many whether a study, even under 
field conditions, of the processes leading to the decomposition of 
organic matter, and the assimilation of the resulting products by 
the plant, is of any real value. According to this line of argument, 
still less importance attaches to analytical figures obtained in the 
laboratory of nitrate nitrogen and CO2 produced. In reply to this 
it must be said at once that laboratory results are not at all intended 
to be put foiward as directly applicable to field conditions. There is 
an essential difference between laboratoiy and field observations, 
but each has got its own value. Whereas the field observations 
record the combined result of many factors, the effect of 
each of which it is not possible to distinguish in the field at once, 
the investigations in the laboratory give the results of each of the 
factors singly under rigidly controlled conditions, all factors except 
the one under investigation being kept constant. Attention might 
be 'called, for instance, to the observed differences in nitrification 
of the different tissues of green manures aheady described in a 
previous paper^ and the differences in the decomposition of cow-dung 
and urine described in this paper. It would have been hardly 
possible to distinguish accurately between these differences in the 
field and, even if observed, most likely they would have been mixed 
up with some other factor like rainfall. 

It may be further mentioned that the value of these laboratory 
observations on differences in nitrification, described in this paper, 
lies also in enabling us to distinguish between the separate effects 

^ Joshi, N* V. Agru Jourh of India, Special Indian Science Congress No., 1919, ppu 
39 ^- 413 . 
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of the two factors which are involved in manuring with organic 
nitrogenous fertilizers, viz., the formation of nitrates, and the im- 
provement in physical texture, each of which must affect to a certain 
extent the crop-producing power of the soil. 

In order to discover how far the analytical results of nitrifi- 
cation tests are related to the crop-producing power, pot experiments 
with leguminous and non-leguminous crops are being carried out 
with dung and with urine added to the soil in the same proportion 
as that employed in the last experiments. These experiments are 
intended to elucidate how far crop production is. influenced by 
variation in nitrification, and also to see what effect physical im- 
provement alone, without any nitrates, has on the crop-producing 
power of a soil. 

The results of the experiments detailed in this paper may now 
be summarized as follows : — 

The opinion expressed in a previous paper that non-nitrogenous 
naaterials, like cellulose, lower the amounts of nitrates formed from 
the organic manures in which they arc present in a fairly large pro- 
portion is confirmed by experiments with cow-dung, sheep-fold 
manure and urine. 

Urine gives the greatest amount of nitrates, whether in fresh 
condition or when fermented under aerobic or anaerobic conditions, 
and so it can be used immediately or after keeping. Urine, if 
kept exposed to air, loses some of its nitrogen. It is therefore 
advisable to store it in such a way as not to be accessible to 
air. 

Cow-dung does not nitrify in fresh condition. It, however, 
improves by storage and becomes nitrifiable after storage under 
both aerobic and anaerobic conditions. The relative losses under 
each of these conditions require to be more accurately determined 
before finally deciding which of these conditions is better so far as 
nitrifiability is concerned. 

Eesults with sheep-dung indicate that mixture of dung and 
urine in the manure pit is not desirable from the point of view of 
nitrate formation, and also on account of the possibility of greater 
losses of nitrogen from such a mixture under partly anaftrohio 
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'conditions which are likely to prevail in the pit or even in a compact 
heap. 

The two processes of nitrification and of COj production, 
though sometimes found to correspond with each other, do not seem 
to be necessarily correlated. Nothing definite can be said as yet 
as to the relation of crop production to nitrification. It is hoped 
that the experiments now in progress will clear up this point. 



COMPARISON OF SALT LANDS IN THE DECCAN 

AND IN SIND.* 


UY 

V. A. TAMHANE, M.So., L.Ag., 

Of the Bombay Agricultural Department. 

Origin op salt lands in Sind and in the Deccan. 

The origin of salt lands in Northern India, such as that in the 
alluvial tract of Sind, and in the South Deccan, which is a trap 
area, is widely different. In the one, the soils, which arc trans- 
ported, show in vertical sections that the layers of alluvial deposit 
often vary greatly. It is not unusual to find in such sections 
layers of pure sand alternating with those of pure clay. The 
layers themselves usually differ very much in their thickness. All 
this indicates that the nature of soils in such alluvial tracts can 
scarcely be uniform, with the result that the development of salts 
is also very irregular and even a small piece of land measuring 
a few guntitas (40 gunthas = one acre) is often seen studded with 
patches of alkali salts whereas the rest of the field has normally 
good land. In places like those of Sind where the rainfall is almost 
^C8%ible and where the sub-soil water table is much more than 
ten feet below ground level, the development of salt is neither 
due to water-logging, nor due to the sub-soil water table being 
within the range of capillary power of the soils, which is generally 

found not to exert a pull of more than four feet on the sub-soil 
water. 

Inundation flood, which is the chief source of irrigation at 
present in the northern parts of Sind, supplies water for cultivation 

Paper read at the Sevouth Indian Science Congress, Nagpur, 1920. 

( 410 ) 
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during the months of June to September. After that severe 
extremes of weather follow. Excessive cold in winter and scorching 
heat in the hot season help a great deal in the disintegration of 
soil particles through which water moves in the downward direction 
during inundation season and in upward direction for the remaining 
eight months of the year. It is this downward and upward move- 
ment of water in the upper few feet of the soils which is responsible 
for the formation and deposition of salts in the alluvial tract of 
Sind. 

In the Deccan the soils are mostly formed in situ by the dis- 
integration of trap rock, and in vertical sections of soils all the 
stages of disintegration of the rock can be seen : such as the soil, 
murum or half disintegrated trap rock forming the sub-soil, and 
below it hard rock unaffected by the natural agencies of weathering. 
It is on this account that the soils in the Deccan are not so variable 
in their nature as the soils in Sind and the patchy nature of salt- 
affected land is not so common (though not altogether absent) 
as it is in the north of Sind. 

The origin of salt lands in the Deccan is to be found in the 
general rise of sub-soil water table which has risen so high after 
the introduction of perennial canals as to be within five feet from 
the surface of the land and oftentimes even less than this. In 
such cases the sub-soil water constantly rises to the surface by 
capillarity, and evaporating there, leaves the dissolved salts behind. 
The lands in the Deccan are, moreover, not so level as those in Sind, 
so that the soils on lower level are more affected by seepage and 
water-logging than those on higher level. 

Nature of alkali salts in the Deccan and in Sind. 

In the Deccan alkali salts are mostly formed by the disintegra- 
tion and decomposition of trap rock, which is known to be one 
of the hardest of the common rocks. It is, however, found to yield 
comparatively easily to the natural agencies of weathering, being 
at one time covered under the water of the flowing river or canal, 
etc., and at other time being exposed to the heat of the sun. Prob- 
ably the soluble salts in the river and canal water also help the 
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process of weathering. The trap rock being thus the origin of 
salts, it is interesting to know the nature of salts found to form 
from it during the process of decomposition. 

The following table shows the nature of the river and canal 
water which always comes in direct contact with the trap 
rock 



Karha river 

Nira Canal 


water at 

water at 


Jejuri. 

Pimpra. 


Parts per 

Parts jier 


100,000 

100,000 

Calcium carbonate . . 

600 

8-00 

Magnesium carbonate . • 

8-00 

.... 

8o£um carbonate . . 

6-00 

1-00 

Sodium bi-carbonate 

•A-OO 

.... 

Calcium sulphate 

.... 

5*00 

Magnesium sulxdiate 


4-CK) 

Sodium sulphate 

4*00 

.... 

Sodium and potassium chloride 

13*00 

6-00 


40-00 

24-00 


The trap rock, which under the influence of such waU'r dis- 
integrates and decomposes, was found* to liberate the following 
salts in the proportion given below 



Slightly dis- 

Much disin- 


integrated 

tegrated 


tra^j rock 

traj) rock 

Total soluble salts 

% 

1-13 

% 

1-16 

Composition of salts ; — 



Calcium carbonate . . 

18-50 

2-60 

Magnesium carbonate 

Calcium sulphate . . . • . . 1 

i’b -26 

1-30 

Magnesium sulphate 

12-30 

1-30 

Sodium sulphate 

28-50 

12-50 

Sodium chloride 

23-90 j 

82-50 


This shows that sodium sulphate and sodium chloride pre- 
dominate over all the other salts when trap rock is undergoing 
decomposition. 
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It ia interesting to compare with these analyses the figures of 
analyses of salts found in the scrapings from barren salt land near 
Baramati in the Nira Valley 



Scrai)ing I 

Scraping 11 


/o 

/a 

Total Balts in dry son 

9-70 

3700 

Composition or salts : — 



Calcium carbonate . . 

5-40 

0-20 

Calcium sulphate . . 

3-40 

0-40 

Magnesium sulphate 

2-30 

0-30 

Bodium sulphate 

48-70 

ys-iK) 

Sodium chloride 

40-00 

1*20 


These figures also show the preponderance of sodium sulphate 
and sodium chloride in the composition of alkali salts found in 
barren salt lands of the valley. 

The following are some of the typical analyses of soluble salts 
from particular spots which show the gradation from fertile to 
barren land commonly found near Malad in Baramati: — 



Fertile 

spot 

Spot with poor crop 

Barren 

land 


Surface-y" 

3'-9' 

Surfaoe-3'' 

3''-9'^ 

Surfacc-3'' 

3^-9' 


/o 

/O 

o/ 

/O 

O' 

/U 

O' 

/O 

0/ 

/O 

Total salts in dry soil 

0-39 

0*22 

0*58 

0*80 

3-89 


Composition op 







SALTS 







Calcium carbonate . . 

3*90 

12*90 

2*40 

2*90 

0*20 


Magnesium carbonate 
Sodium carbonate . . 


6*90 





4*40 

- 8*00 

1*60 

7*00 

2*00 

1*10 

Calcium sulphate . . 

20 00 


37*30 

8*20 

28*00 

12*50 

Magnesium sulphate. 

910 

4*20 

20*50 

. . 

. , 

8*90 

Sodium sulphate 
Calcium chloride 

, , 

49*50 

, , 

22*00 


8-60 


• • 


, , 

10*20 


Magnesium chloride 

. , 

, , 

7*80 


13*40 


Sodium chloride 

02*20 

19-90 

24*20 

59*40 

41*90 

00*50 


In the majority of the alluvial tracts of Sind, the alkali salts 
are not naturally derived from any particular rock as the alluvium 
deposited there is of a varied character, being a mixture of 
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disintegrated particles of various rocks existing on the top 
of the Himalayas and down in the flats of the Punjab. There 
is therefore no particular rock whose decomposition products 
can be compared with those of the trap rock of the Deccan, 
the alkali salts in Sind being decomposition products of the 
alluvium itself. 

The waters of the Indus and its canals which come in direct 
contact with the alluvial deposits gave the following analyses when 
the waters were collected during dry season 



Indus water 
near Sukkur 

Water from 
the Hiral 
Canal 




1 

Parts per 100,000. 

Total soluble salts . . 



30*00 

22-00 

Containing ; — 





Calcium carbonate . . 



6*01 

G*24 

Magnesium carbonate 
Calcium sulphate 



12*72 

vm 

Magnesium sulphate 
Calcium chloride 



V*93 

0*83 

Magnesium chloride 



0*86 

3*25 

Sodium chloride 




1*10 

1*78 


The following are some ol the typical analyses of alluvial 
deposits which are not yet injured by the accumulation of harmful 
salts 



Good land 
under cotton. 
Soil 

surfacc-O"' 

Good garden 
land. 

Soil 

surfacc-6"' 

Good land 
under wheat. 
Soil 

surfacc-O'^ 

Total soluble salts 

% 

0-13 

/o 

0*21 

/o 

0*30 

Containing : — 




Calcium carbonate 

0*05 

0*05 

0*07 

JSodium carbonate 


0*02 

002 

Calcium suli)}iate 


0*01 

0*02 

Magnesium .suljihatc 

Calcium chloride 

001 

002 

0*03 

Magnesium chloride 

0*05 

0*04 

0*01 

Sodium chloride 

• * 


0*06 
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Scrapings from barren lands of different types which could 
be clearly distinguished by the presence of white and black 
‘ kalar ’* gave the following composition 



I. 

White kalar 
at Sarhari 

11. 

Black kalar 
at Sukkur 

III. 

Black kalar 
at Nawabshah 

Total salts in dry soil 

0/ 

/o 

24*60 

0/ 

/o 

20*24 

% 

7-80 

Composition of salts 




Calcium carbonate 

0*13 

0*19 

0*39 

Sodium carbonate 

0*05 


0*13 

Calcium sulphate 

5*73 

14*1*5 

9*78 

Magnesium sulphate 

1*13 



Sodium sulphate 

9*12 



Calcium chloride 


10*60 

22*46 

Magnesium chloride 


14*21 

21*14 

Sodium chloride 

83*84 

60*79 

46*10 : 


It is clear from these figures that chlorides form more than 
80 per cent, of the total salts of which sodium chloride is more 
than 45 per cent. Sulphates are present from 9 to 14 per cent, 
of the total salts, ai\d in the white kalar sodium sulphate is present 
to the extent of 9 per cent, of the whole quantity of the salts. 
Sodium carbonate forms only a negligible quantity of the total 
salts which shows that the Jcalar of Sind is not of a very bad 
type. 

A very remarkable thing that comes out of these analyses is 
the fact that sodium carbonate is not a necessary constituent of 
black Jcalar. It is usually supposed that sodium carboixate has a 
caustic action on the organic matter of the soil which gives a black 
appearance to the surface soil and hence the name black Jcalar 
to sodium carbonate, so that black Jcalar means sodium carbonate. 
From the above figures, however, it will be seen that No. II does 
not contain any sodium carbonate at all and No. Ill contains only 
a very small quantity, and yet the appearance of the surface soil 
at both these places is suflaciently dark to distinguish the spots 
as affected by black Jcalar. The only salts in No. II and No. Ill 

• Kalar, Lona, Utar, Beh are synonymous terms used in different parts of India to mean salt 
emoresoenoe on the land. 
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to which, the dark appearance of the sod may be due are calcium 
chloride and magnesium chloride. Of these, the former is known 
to have corrosive action on organic matter.^ The black lealar on 
Sind soils, therefore, does not contain any appreciable quantity of 
sodium carbonate but contains a fairly large quantity of calcium 
chloride and magnesium chloride which are not injurious to plants 
like sodium carbonate or sodium sulphate. 

On comparing the different types of kaUr in Sind with those 
of Iona in the Deccan it will be at once clear that the salt 
efflorescence in the Deccan contains comparatively a very large 
proportion of sodium sulphate, whereas in Sind sodium chloride 
predominates over all the other salts. 

Resistance of crops towards salts. 

In the Deccan the ordinary black soil does not usually contain 
more than O'l per cent, of soluble salts, but this does not necessarily 
mark the limit of salts up to which crops can be grown. Several 
crops have been found to resist the effect of salts much beyond 
this quantity, and the following are some of the analyses which 


indicate the limit oi 
crops. 

tolerance shown by 

some of the ordinary 


Sugarcane. 

Chowli (Vigiia 

Wal (DolichoB 

Gram (Cicer 


Soil 

cat Jang). Soil 

labia b). Soil 

arietinum). 


Burface-S'^ 

surface-4'^ 

BurfRCC-4^ 

Soil Burface-4"^ 


/o 

/o 

0 / 

/o 

% 

Total saltb in dry soil 

C-96 

0-45 

0-42 

0*42 

CoMTosiTioN OF salts: — 





Calcium carbonate 

6-80 

12-62 

4-76 

6-24 

Sodium carbonate 

, , 

0-97 

5-00 

1-19 

Calcium sulphate 

43 00 

33-00 

3-33 

30*70 

Magiiesiuin sulphate 

100 

28-65 

9-53 

16-24 

Sodium sulphate 

25-90 

8-74 

57-86 

20-49 

Sodium chloride 

1 23-30 

16-02 

19-62 

27-14 


Of these crops sugarcane was growing excellently, being also 
supplied with heavy manuring. Chowli and Wal were doix^ feirly 
well and gram germinated well but failed later on. 


^ U . Bureau of Both BuUelin No. 34. 
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Lakh {Lathynis sativus) and Udid (Phaseolus radiatus) were 
similarly found to fail in a soil containing 0‘48 per cent, of soluble 
salts of which sodium sulphate was about 66 per cent. 

The following are a few of the analyses of Sind soils showing 
approximate limit of tolerance of some crops towards salts contained 
in the soil 



Rice. Soil 

Lakh (Lathy- 
rus sativus). 
Soil surface-O'" 

Cotton. Soil 

Wheat. Soil 


surface-O" 

Rurface-fi'^ 

surface-6^ 


0 / 

0 / 


O' 


/o 

/o 

/o 

/O 

Total salts in dry soil 

1-86 

0*01 

2*10 

3*00 

Composition of salts : — 





Caloium oarbonate 

316 

18*64 

3*85 

1*14 

Calcium sulphate 

8*87 

16*94 

51*92 

22*05 

Magnesium sulphate 

14*66 

27*51 

10*26 

. . 

Sodium Bulphat/O 

18*90 

• • 

14*74 

. . 

Calcium chloride 

• • 

, , 


18*26 

Magnesium chloride 


20*34 

, , 

16*35 

Sodium chloride 

64*43 

16*94 

19*23 

42*21 


The resistance of rice crop towards sodium chloride is well 
known from the fact that several rice varieties are grown on creek 
water in Eonkan near Bombay. 

In Sind, on Larkhana farm, saline water which could just 
maintain rice crop was found to contain the following amounts of 
salts 


Total soluble salts . • 



Water confined in rice crop. 
Parts per 100,000 

940*00 

Containing: — 




Calcium carbonate . . 



6*17 

Caloium sulphate . . 



63*68 

Magnesium sulphate 
Somum sulphate 



43*66 



38*34 

Sodium chloride 



742*60 


The above is only an attempt to show approximately the limit 
of tolerance of several crops towards salt efflorescence in soils. 
Other factors such as frequent irrigation and consequent dilution 
during different stages of growth of the crops would materially 
modify the results. 




HABIT IN SUGARCANES* 


BY 

TT. VITTAL RAO, L. Ag.. 

Assistant to Government Sugarcane Expert, Madras. 

Habit op plant an important character in all cultivated 

CROPS. 

Habit of plant is a character of considerable importance in 
all cultivated crops. Tliat each individual plant should be able 
to make full use of the air and light available to it without inter- 
fering with the growth of the neighbouring plants is a condition 
imposed by agriculture and the closer approximation of the indivi- 
dual plants which agriculture implies. Again, the habit of plant 
has often a direct bearing on the position of the produce at time 
of harvest. A cotton plant in which the lateral branches spread 
on the ground and bring the htpas in contact with the soil, dirtying 
it and thus depreciating its market value, and a paddy plant, 
which, by its spreading nature, allows its ripe carheads to trail on 
the ground, are obviously unsuitable for cultivation. 

Particular importance of habit in sugarcane. 

Habit is of special importance in the case of the cultivated 
sugarcanes. It is a long duration crop — occupies the land for 9 to 
14 months in India, and even as much , as 24 months in other 
countries like Hawaii -and if the neighbouring plants should show 
a tendency to get entangled with each other, the inter and after 
cultivation of the crop such as weeding, earthing and irrigation 
are rendered difficult. Secondly, it is accepted on all hands that 


♦ Paper read at the Seventh Indian Seieaoe^Congress, Nagpur, 1920. 
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a lodged cane rapidly degenerates in sucrose content. Dr. Leather, 
in Agricultural Ledger, 1896, says, “ The juice of fallen canes was 
again separately examined, with the result that it was found to 
contain generally less proportion of cane sugar and a larger one 
of glucose than was found in the standing cane.” Thirdly, a bad 
habit in the cane leads to the formation at the time of harvest of 
crooked and curved canes, which is a serious disadvantage from 
the factory point of view, as it seriously interferes with the compact 
packing of canes on the hopper. In sugarcane, the ideal would, 
therefore, be to aim at getting a variety which will consist of a 
aeries of parallel erect canes. 

Habit op the main shoot during the early stages of growth. 

During the early years of the Sugarcane Breeding Station, the 
depressed habit of the Madras seedling, M. 2, was studied by Dr. C. A. 
Barber, C.I.E., and Rao Sahib T. S. Venkatraman, and the results 
were presented in the form of a paper at the Madras Session of this 
Congress in the year 1915. It was there proved that the depressed 
habit in the particular Madras seedling was an inherent character 
resulting from geotropism. This year the study was extended to 20 
varieties, chiefly the indigenous Indian canes belonging to the 
various groups classified by Dr. Barber in his Memoir, “ Studies in 
Indian Sugarcanes, No. 3.” Four buds were put dowm for each 
variety, but owing to casualties and other abnormalities in grow'th 
caused by shoot borers, etc,, only 37 plants could be studied to the 
end of 87 days from planting, and the results are here given. 


Statement showing the actual plants studied. 


Group 

Variety 

No. of buds 
planted 

No. of plants 
examined 

Thick canes 

J.247 

4 

4 

Nabgori 

Nargori 

4 

1 


Manga 

4 

3 


Katari 

4 

2 


KewaU 

4 



Carried over . . 

20 

10 





AoinbtJiAriri^L jouskax 


Of 



Group 

Variety 

No. of buds 
planted 

" 'v '■ 

Ko. of nlimtf ' 1 
oxamliied 


Brought foru'ard 

20 

10 

Munoo 

Kuswar 

4 

2 


Ramgol 

4 

— 


Matanwar . . 

4 

1 


Parana 

4 

— 

Pansahi 

iSanachi 

4 

4 


Kahu 

4 

2 


Lata 

4 

2 


Maneria 

4 . 



Pansahi 

4 

— 

Saretma 

Katha 

4 



Lain 

4 

1 


Kansar 

4 

3 


Ghaur Saretha 

4 

2 


Khari 

4 

3 


HuUu Kabbu 

4 

4 


Total 

BO 

, ..... 

37 


Note. — Sunnabilo group was left out because of great variation in its components. 


The main details of this paper are found in the Memoir “ Studies 
in Indian Sugarcanea, No. 2,” page 138. 

The buds were planted in tile pots with a lateral hole as seen 
in Plate XXII, fig. 1, and the angle of the main shoot was measured 
by means of an instrument (Plate XXII, figs. 2 and 3), being a copy 
of the one in use at the Paddy Breeding Station under the control 
of the Government Economic Botanist, Mr. F. R. Parnell. The 
observations were conunenced on the 16th day from planting and 
continued to the 87th day, when it had to be discontinued, as it 
was felt that the tile pots were too small to keep the plants any 
further in a healthy condition. A more extended series, with the 
plants growing in big sized pots, is being laid to enable a continuation 
of this study up to the harvest of the canes. Each day two observa- 
tions were recorded, one in the morning at 8 a.m., and another 
in the eveningat 3 p.m., but as little difference was noticed between 
the two observations on the same day, only the morning observatums 
were taken for study. 

The curves in Chart I were plotted from the bi-weeld^ Aveza|es 
' daily angles of the varieties in^hat 






Curves the position oj- the mekin shoot with reference to 

the verticot ^rom is^ to rrw </ay o^ten plent/n^ 
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uriAKi Ji 
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diasimilaiity between the curve for the Saretha group and those 
for the other groups which have a comparatively good habit at 
harvest. 

Chart II shows the angles as noted at the start and at the end 
of the experiment for each group and the range of variation noted 
for the different groups during the course of the experiment. 

It is interesting to note that, in Nargori group, which has pro- 
bably the best habit of all the indigenous canes, the angle of deviation 
is the least, and Saretha group, the worst habited of the indigenous 
canes, shows not only the greatest range, but is distinctly worse 
than the others, both at the start and at the completion of the 
experiment. 

Straightness op canes at harvest in the oifferent groups 

OF INDIGENOUS CANES. 

For some time the straightness of canes at the time of harvest 
has been recorded at the Sugarcane Breeding Station. Besides 
detailed notes on the relative straightness of early or late canes, 
100 canes of each variety used to be laid on the ground and a 
general note recorded on the lot as a whole. Detailed notes are 
available, but they fall roughly into three classes, wz., (1 ) straight, i.e., 
with little or no curvature anywhere ; (2) slightly curved, i.e., 
showing a slight curving at the top or the base ; and (3) curved. 

The table on next page gives the number of varieties classed 
under the three heads during the years 1917 and 1919 when the 
crop was grown in the same field. In the year 1918 the canes 
were badly lodged and so the notes are not reliable. 


4 



Erectness of varieties at harvest. 
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Fig. 2 Mungo group showing good habit. 



PLATE XXIV. 



Fig 1. Pansahi group showing very fair habit. 



Fig. 2. Saretha group showing bad habit with canes sprawling on the ground. 
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J. 247, Nargori and Mungo groups which show comparatively 
little variation in angles in the growth of the main shoot show a 
large number of varieties with straight canes. Saretha group is the 
worst and Pansahi group occupies an intermediate position. (Plates 
XXIIl and XXIV.) 

The inhbbitakoe op habit in sugarcane seedlings and attempts 

TO IMPROVE IT BY CROSSING. 

Bad habit, in a seedling bred for North India, was early realized 
to be a possible evil to combat with and, if possible, eliminate, and 
attempts were made even from the start to collect data to determine 
the mode of inheritance of this character among the seedlii^s 
raised from the same parentage. One of the most startling facts, 
brought out from the raising of canes from seed, is the great diversity 
that is noticeable in seedlings raised from one and the same parent, 
and this may be said to form the main basis on which the production 
of a seedling better than the parent depends. 

But through all this diversity in the resultant offspring there 
is often traceable a certain amount of broad similarity among 
the seedlings of one and the same parent ; and this similarity often 
expressed itself in the form of a similar habit among seedlir^s of 
the same parent. 

From the tables below it is seen that whereas the seedlings of 
the Saretha group (Plate XXV) show a particularly bad habit 
similar to that of the parent, those of the Sunnabile group, for 
instance, show a better habit agreeably to the better habit of the 
parents. 


Inheritance of bad habit in seedlings of Saretha group. 


Year 

Seedlings 

No. 

planted 

Good 

habit 

....I 

Fair 

habit 

Bad 

habit 

Remarks 




I 

/o 

% ! 

% 


19i4-16 

Saretha G. C. . . 

500 

7-7 

28*5 

M-S 



Do. Sell . . 

200 

72 

30*1 

62*7 


1915-17 

Katha ,, 

mm 

17*8 

53-4 

28*8 

Rather ill> 


Kansar „ 

HI 

16*9 

40*5 ; 

42*6 

grown. 

Do. 


Lalri 


22-8 

38*6 : 

38*6 

Do. 


Messngen,, 


15*3 

47*0 i 

38*7 

Do. 


Saretha ,, 

mSM 

45 

58*4 

37*1 

Do. 

1W7-.19 

RanmiaC. .. 

H 

8-3 1 

25*0 

66*7 
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Inheritance oj good habit in seedlings of thick canes and 
SunnobUe grouf. 


Year 


Seedlings 

I No. 

> ]>Ianti>d 

Good 

habit 

Fair 

habit 

Bad 

habit 

1916-17 


Red ribbon G. (\ 

: 

' UK) 

0/ 

o 

39-0 

0 / 

/O 

46-7 

% 

16*3 

1917-19 


J. 247 

Putli Khajee 

1 ! 

200 ' 
! 100 

j 

46-3 

14-3 

48-0 

79*6 

0-7 

61 


Bsmabks 


Parent has good 
habit and a 
thick oane. 
Do. do. 

Parent habit 
fair, belongs 
to Suimabile 
group. ’ 


It is however fortunate that by a suitable crossing it is found 
possible to influence the habit of the resultant seedlii^s. The 
table hereunder shows that the habit in seedhngs is, to some extent, 
controllable by proper selection of the pollinating parent, though 
it should here be mentioned that the peculiarities of the sugarcane 
flowers makes it impossible to attempt this improvement of habit 
in all cases. 

Influence of crossing on habit. 


'i'ear 

Parentage 

No. of 
seedhngs 
])lantod 

if 

Fair 

linbit 

Bad 

habit 

1 

Remarks 




o/ 

O ^ 



1910-18.. 

Mauritius 1237 X 







M. 4694 S 
Mauritius 1 237 X 

200 

7.6.6 

21(i 

I 2-9 

M. 4694 habit good 


M. 7319 d 
Mauritius 1237 X 

60 

760 

26-0 

•• 

M, 7319 habit good. 


Saretha X 

1.60 

390 

61-7 

9-3 

Sar X Spt. \m] 


S. Spt. d 





habit. 

1917-19.. 

J. 213 X .lava (J 







(Hebbal) 

Do. X Pur]>Ie 

140 

M 

76 3 

23-0 

Java fair habit. 


Mauritius cJ 

1 100 

0-0 

706 

29-4 

I*. Mauritius fair 


Do. X Katha (J 





habit. 

i 

100 

0-0 

47-1 

.62*9 

Katha bad habit. 


Do. X Kansar (J 

100 1 

2T> 

60-0 

47-4 

Kansar bad habit. 


Do. X Saretha cJ 

KXl 1 

00 

40*7 

59*3 

Saretha bad habit. 


^ Note. Mother Maniitiog 1237 has a good habit but it gave no selfed seedling beoatue of 
infertility of its own pollen. 


J. 213 has fair habit but it gave no selfed seedlings because of infertility of its own pollen* 

My thanks are due to Rao Sahib T. S. Venkatraman, B.A., 
Acting Government Sugarcane Expert, for giving me all facilities 
and encouragement. 









THE GROWTH OF THE SUGARCANE * 


BY 

C. A. BARBER, C.I.E., Sc.D., F.L.S. 

HI. 

The presence of loots and shoots on the joints of the cane at 
crop time is, as we have seen, unwelcome. The new growths are of 
course useless for sugar making, and their presence in quantity 
lowers the purity of the juice at the mill. Besides this, all the 
joints in the neighbourhood of lateral shoots have a good deal of 
their stored sucrose changed into glucose, which is the form in 
which sugar travels to supply the material for fresh growing parts. 
We traced the formation of shoots and roots to climatic causes, 
chief among which was an excess of moisture, to lodgiig, to any 
check in the growth of the cane, whether by insect or fungus attack 
or accidental breakage, or, lastly, to the canes flowering some 
months before harvest time. We also noted that some varieties 
of cane are more prone to shooting than others. It is a very common 
phenomenon in diseased plants. In some cases the habit and 
general appearance of the bunch is entirely changed, and, in place 
of a few upright, clean canes, hundreds of small, grass-like shoots 
make their appearance (Fig. 1 ). This abnormality is apparently due 
to the most various causes. It is supposed to be induced by various 
msects and fungi, by eelworms in the roots, general malnutri- 
tion, and the presence of alkali in the soil ; but it is often impossible 


* Reprinted from the Inttmational Sugar Journal^ December 1919 , 
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to fix the responsibility on any one circumstance. It will be 
remembered that it is one of the features of the mysterious sereh 
disease which devastated the Java cane fields towards the end of 
the last century. The writer has met with a case in India where 
in a couple of acres, planted with cane for the first time, and in 
apparently ideal surroundings, after 14 months’ growth only an 



Fin 1 A plant with many small shoots in place of a few 
healthy canes. 

ocwsional hsolatcd cane could be seen, and the whole field looked 
y uch like one of Gwima grass, A thorough examination of 
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the tissues of the affected plants, both above and below ground, 
showed no sign of unhealthiness or any trace of insect, fungus or 
eelworm. The subject requires further study to determine the 
fundamental condition of the plant’s economy which leads to this 
enormous development of shoots, which is in many respects similar 
to the “ spike ” disease of sandalwood. 

But to resume our main study of sugarcane growth. To 
properly understand this under field conditions, it is necessary to 
examine the constitution of the bunch of canes derived from a single 
planted set, and this is especially the case when we come to consider 
the tUlering power of different varieties. We have seen that the 
piece, of cane planted has several joints, and that each of these joints 
has a bud which is capable of producing a complete plant. The 
bunch of caiu's in a single “ hole ” where one set has been planted 
may thus consist of one or more plants, according to the number of 
buds which “ germinate.*' The number of separate plants in a 
bunch and their relative size and importance c an onl}' be deter- 
mined by dissection. This is a tedious and dilhcult operation, for 
the lowest parts of the canes, where they are attached to then.- 
mother stems, are often thin and brittle, and furthermore, the 
whole underground part of tlie bunch is enveloped in an intiicate 
weft of tough, fibrous roots, dead and livijig, which have to be cut 
away before the details of the branching can be laid bare. .\n 
('.xainple of such dissections is shown in Figs. 2, 3, and 4. In 
Fig. 2 a bunch of canes has been photographed as it was lifted out 
of the ground, with all the soil candully picked and washed away, 
but the free spread of the roots is somewhat obscured by the 
pressure of the bunch upon them, l^pon dissection, this bunch was 
proved to consist of four separate plants, which are shoun in Figs. 
3 and 4. In these four plants there were 7, 9, 4. and 8 canes, 
respectively, making a total of 28 for the whole bunch. The latter 
was only nine months old when taken out of the ground, but experi- 
ence of many dissections has shown that no shoot not already 
forming cane at its base at that time can develop rapidly enough to 
be of use in the crop, and only such have been taken into account. 
The result, then, of planting a single set has been that fo\ir plants 
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Were produced, with an average of seven canes each at harvest. 
The bunch was of the Mungo group of Indian canes. 



Fig 2 A bunch of Mungo canes arising from a single set. 

This is a dwarf variety with very short joints. The root 
system is poorly developed and not fully shown. 


There are many lessons k) be leariit oy thus laying bare the 
whole branching system of a bunch of canes. It is easily seen that 
the ii\dividual canes are not of the same age. Some are formed 
very early in the life of the plant, while others have, so to speak, 
been produced at the last moment, and have barely time to complete 
their growth by harvest. Some of the main shoots are produced 
by the out-growth of the buds on the set, while others are branches 
of branches of these. As we know from our chemical Analyses that 
the character and richness of the juice varies a good deal during the 
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life of each cane, gradually increasing until an optimum is reached 
and then declining, it becomes necessary to carry our examination 
further, and determine the whole scheme of branching. In the 
example given above, we must determine the relative stage of 
development of each of the 28 canes forming the buncli, and its 
correct position in the scheme of branching. Assuming, as a basis, 
that each shoot, if it develops unhindered, will produce one cane, 
we may divide them into cla.s3es on completing our dissection. 



Fig. 3. The bunch in text-figure 1 dissected out to show that it consists of four sepaitite 
plants arising fioni different buds on the set. In each plant the ** mother cane 
is indicated by a piece of white paper wrapped round it. 

The shoot which is the direct outc-oine of a bud on the set is the 
main axis of the plant : this we term the “ mother ” cane and 
designate it by the letter a. Shoots formed from buds on the 
joints of a are branches of the first order, and we name them 61, 
62, 63, etc., in the order of their arrangement from below upwards. 
Similarly, the branches on 6 are of the second order and marked c 
and so on with d, e, etc., as far as they appear. In the bunch of 
canes photographed, the four plants have the following consti- 
tution ' o -j- 36 -j- 3c, a 26 + 6c -f d, o + 26 -f c, o -f 36 + 4c. 



Fig. 4. The bunch in text-figure 1 dissected out to show that it consists of four separate 
plants arising from different buds on the set. In each plant the mother’* cane 
is indicated by a piece of white paper wrapped round it. 

average constitution of a typical plant of the group. As a matter 
of fact, this has been done. Fifty-nine dissections were made of 
cane j)lants ii\ the Mumjo group, an.d the avei age formula for these 
59 works out as a-\- 2b -f 2g + d- 

A study has recently been made of many otlxer groups of canes^ 
and the result of this shows that, while there are extreme variations 
in the. formula of individual plants, the gi eater the number of 
dissectioiis, the simpler the average, formula becomes. In the 
following table some of the results of this study are summarized. 
In the first column the actual averages obtained in the dissections 
are recorded, in the second the theoretical formula of branching 
is put down, which, it is presumed, would be reached by the plants 


^ liarber, C. A. “Studies in Indian Oaues, No. 4. Tillering or Underground Branching,’ » 
MemotfJi of (he JMpariment of Agriculture m hidia^ Botanical Berie-9, Vol. X, No. 2, Juno 1910. 
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if they had been grown in more ideal surroundings. It is obvious 
that, for this kind of study, all the varieties had to be grown under 
uniform conditions side by side in one place. And, as the place 
chosen was in many cases far removed from their natural habitat, 
climate, and soil, they did not grow as well as they were capable 
of doing. The dissections were made at the Coimbatore Cane- 
breeding Station in South India 


Formula of branching of different groups of canes. 


Group of canes 

Number 
of plants 
dissected 

Average of dissections 

Theoretical formula 



a 

h 

1 c 

d 1 e 

/ 

a 

h 

c 

d 

e 

/ 

(1) Wild grasses*— tecAorm arundinaceum 

5 

1 

4 

0 

G 1 5 

0*4 

1 

4 

G 

G 

4 

1 

kSacckarum spontaneum 

17 

1 

4 

7 

5 1 2 

0-4 

1 

4 

G 

G 

4 

1 

(2) Indian canes—PaiwaAt group 

29 

1 

3 

4 

2 .. 


1 

3 

4 

3 

1 


Mungo „ 

59 

1 

2 

2 



1 

2 

3 

2 

1 


iSaretha „ 

53 

1 

3 

3 

J ! .. 


1 

3 

3 

1 



Nargori „ 

33 

1 

3 

3 



i 

3 

3 

1 



Snnnnhile „ 

40 

1 

3 

, 2 

. . 


1 

i 3 

3 

1 



( 3) Thick, tropical canes grown in India . . 

41 

1 

2 

1 

’ * 1 ’ ‘ 

1 


1 

! 2 

1 

1 

* • 

• • , 



* The formula for tlic 3Ivnyo grou]) is reduced here because the varieties aredwart canes with very short 
joints ; there are, therefore, more plants in a hole than in the other cases. As many as 7 -1 1 plants were some- 
times included in a bunch, and the branching of these was consetiiiently small. By using another method the 
actual average obtained was I, 3, 3, 2. 

We learn from this piece of work that there is a good deal of 
difference in the branching powers of different groups of canes. 

The wild Saccharums head the list, and, as the cultivated canes 
(Saccharum officimrum) must have arisen from a wild ancestor, 
the former have been included. The branching of the wild Sac- 
charums is the most prolifi.c. The indigenous Indian canes come 
next, and can be roughly divided into two sets. Pansahi and 
Mungo branch a great deal, Nargori and Sunmbik much less 
wherever they are grown. Sarethu in its native habitat (the Punjab 
and adjoining portions of the United Provinces, where tropical 
canes cannot, as a rule, mature) would belong rather to the Pansahi- 
Mungo set, although the dissections show a formula similar to that 
in Nargori-SunnaUle. Lastly, the thick, tropical canes branch 
least. It is a matter of common observation that then tillering 
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power is much less than that oi Indian canes, and this is clearly 
brought out in the table. It should, however, be stated that the 
tropical canes grown on the farm were no more at home than the 
North Indian varieties. It would be difficult to find a place which 
suits both of these classes of cane plants. A set of 12 bunches of 
well-grown tropical canes was dissected on an estate in South Arcot, 
where they are grown successfully on a large scale for sugar manu- 
facture. They beloixged to the Red Mauritius variety, which is 
known as a free tillerer, and the object aimed at was to determine 
the possible branching of thick canes grown on an estate scale in 
India. The average of these 12 selected bunches gave the formula 
la -f- 36 -f 3c + Id, and this may, perhaps, be a more general 
formula for cancs grown in the various sugar growing countries in 
the tropics. It may be of interest, in conclusion, to point out that 
the Yuba cane of Natal, a member of the Pansahi group of Indian 
canes, was one of those included in the dissections. A good deal of 
attention is just now being paid to this hardy, primitive variety, 
and the extended formula of its branching system is undoubtedly 
one of its main attractions. 



NOTE ON THE EXHAUSTION OF INDIAN SOILS AND THE 
METHODS BY WHICH THIS MAY BE REMEDIED * 


BY 

R. V. NORRIS, D.So., 
Government Agricultural Chemist, Madras, 


As a result partly of war conditions and of the shortage of' 
grain stuffs resultir^ from the failure of the monsoon a year ago a 
good deal of attention has recently been paid to the present con- 
dition of Indian soils and the crop-yields obtained from these. The 
results of such investigations have tended on all sides to demonstrate 
that a very serious impoverishment of these soils is taking place 
and that energetic steps are necessary to remedy this state of 
affairs. 

Let us consider for a moment the changes taking place in the 
soils. We know that the various plant foods, nitrogen, phosphates^ 
potash, etc., may exist in the soil in a number of different forms. 
Some of these will be present as compounds which are of immediate 
use to the crop, others require to undergo various transformations 
before they can be taken up by the plant. The former class we 
describe as the available ” plant food, the latter as the “ unavail- 
able.’^ The second term is of course a relative one, because, as 
I have explained, a certain proportion of the unavailable material 
slowly undergoes change and becomes available. Now how does 
this influence the crop ? It is obvious of course that while there 
is a plentiful supply of available plant food the soil will be fertile 
and other conditions being favourable good crop-yields will be 

* Paper read at the Madras Agricultural Conference, 1919, Reprinted from the Journal 
of the Madras Agricultural Students' Union, December 1919. 
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obtained. If this food supply however is not maintained by the 
addition of appropriate manures there will be a regular falling off 
in yield until eventually a state of balance is reached when the 
plant food removed in any given crop is equal to the amount of 
unavailable food rendered available during the time of growth. 
The yield obtained under such circumstances is of course very low 
and we refer to it as the “ minimum cropping value of the soil.” 
Owing to the relatively large reserves of plant food present in 
practically all soils, this low figure will remain practically unchanged 
for very prolonged periods. I have gone into these very elementary 
details of soil chemistry with which most of you are entirely familiar 
because it is sometimes argued that since many Indian soils go on 
producing year after year a fairly constant yield there is really 
little cause for anxiety. You will readily see that such an argument 
is fallacious. It simply means a very large proportion of these 
soils have already reached this minimum cropping value which I 
have just described, that is to say they are producing year after 
year crops far below those which could be raised after reasonable 
manurial treatment. 

Now to meet the shortage of food stuffs to which I have already 
referred, there has been a vigorous demand in many quarters for 
the adoption of more intensive methods of cultivation and for the 
introduction of heavier yielding strains. Now both of these are 
eminently desirable things, but it is necessary we should realize one 
result of their adoption. It is perfectly obvious of course that the 
introduction of more prolific strains means we shall remove plant 
food from the soil at an increased rate. Similarly by more intensive 
measures of cultivation we shall increase the rate at which our 
reserve plant foods are brought into use and lead in this way to a 
more rapid depletion of our stocks. In other words, both these 
methods alone while giving us a momentary greater return will, 
unless accompanied by proper manurial treatment, eventually 
lead only to a still greater exhaustion of the soil and the final yield 
will again fall to the minimum value. The more intensive our 
methods therefore and the more prolific the strains we employ, the 
more imperative is the necessity for an extended and judicious use 
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of fertilizers. It is obvious that these fertilizers must be used in a 
systematic and rational method. If a soil is deficient in both 
nitrogen and phosphate such a soil will derive but little benefit from 
the application of nitrogen alone as the crop would still be limited 
by the phosphate deficiency. We may say then that usually 
general manures will be required, prolonged treatment with a 
manure containing one particular type of plant food only leading 
to a more rapid exhaustion of the. other forms of plant food and 
hence ultimately to a reduction of fertility. 

It is probably not generally realized to what extent soil 
exhaustion in India has already proceeded, so I may give one or 
two figures to illustrate the point. 

In Madras we have during the last few years been engaged in a 
soil survey of the paddy lands of the Presidency and up to the 
present time have completed such a survey in four of the chief 
deltas, namely, Guntur, Tanjore, Kistna, and Godaveri. This 
survey has had as one of its principal objects merely to ascertain 
how far these soils are in need of immediate manurial treatment. 
The results are certainly instructive. Considering first the Godaveri 
Delta, which is generally considered to contain some of the most 
fertile land in the Presidency, we find nevertheless that 2.3 per cent, 
of the samples analysed show a deficiency in available phosphate 
and 40 per cent, or nearly half the delta a deficiency in nitrogen 
content. 

The Kistna Delta gives slightly worse figures, 33 per cent, of 
the samples exhibiting phosphate starvation and 55 per cent, lack 
of nitrogen. 

In the remaining two deltas the situation is even more serious, 
the figures being as follows : — 



Deficient in nitrogen 

Deticient in phosphate 


For cent. 

Per cent. 

Guntur 

81 

33 

Tanjore 

87 

80 


Comment on such figures is hardly necessary and there is no 
reason to believe that many of the other paddy lands of the 
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Presidency are in any better condition. If we remember that an 
increase of 6 per cent, only in the average yield would provide an 
extra 1,000,000 tons of rice a year in Madras alone. We can realize to 
some extent what the annual loss is in the whole country in this 
and other crops. 

Examples such as the above could be brought forward in 
numbers. Clouston, in a paper read at the Indian Science Con^gress 
in 1918, stated that the four chief soils of the Central Provinces had 
in moat districts reached a state of maximum impoverishment. 
In one of his experiments by an outlay of Rs. 33 per acre on manures 
in cane, the net profit per acre was increased by no less than Rs. 146, 
i.e,, over 400 per cent, the cost of the manure applied. In a similar 
way Davis has emphasized the critical condition of many of the 
Bihar soils as regards phosphoric acid content. 

We may then, I think, take it as a fact that a very large number 
of Indian, soils are already exhausted or approaching that state. 
We must pass on to consider what are the chief requirements of such 
soils and the reasons why under present conditions these require- 
ments, urgent as they are, are being met to such a small extent. 

In the examples I have quoted, we have seen that the deficiency 
chiefly consists of nitrogen and phosphates and this may on the 
whole be considered as applicable to the whole of India though 
certain districts — of which the Nilgiris and Malabar are examples, — 
are also extremely deficient in lime. Let us consider first of all the 
nitrogen question. Now nitrogen, like other plant foods, exists 
in the soil in available and non-available forms, the most available 
form, nitrates, being produced from complex nitrogenous compounds 
in the soil by a series of changes terminating in nitrification. Some- 
times however these changes take another course and in this way 
an accumulation of relatively unavailable nitrogenous material 
may take place of which a familiar example is the production of 
peat. By cultivation we produce conditions, however, which are 
favourable to nitrification. One result therefore of the intensive 
cultivation to which I have already referred will be to accelerate 
this conversion of unavailable nitrogenous material into nitrates, 
and unless appropriate measures are taken, the reserves being 
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u^ed up at a rapid rate, exhaustion will occur. Such, cultivation 
moreover has another disadvantage. It is well known that under 
suitable conditions very large quantities of nitrogen can be added 
to the soil from the atmosphere by the agency of nitrogen-assimi- 
lating bacteria. But these bacteria require the presence in the 
soil of considerable amounts of carbonaceous organic matter. 
Hence if by our intense cultivation we use up at a rapid pace this 
organic matter in the soil we shall thereby at the same time diminish 
this valuable fixation of nitrogen. 

It is obvious therefore that we must combine such methods of 
cultivation with liberal supply of manure, and for the reasons I have 
stated, bulky organic manures such as farmyard manure, poonacs 
and fish manure are peculiarly suitable to the conditions prevailing 
in this country. Such manures moreover have a further advantage 
as compared with more concentrated manures in that they improve 
to a marked degree the mechanical condition of the soO wi^ereas the 
concentrated chemical manures have a tendency in the opposite 
direction. 

It is particularly unfortunate therefore that the manures to 
which I have referred are precisely those which for various reasons 
are either being sent out of the country or else used in a wasteful 
manner. In the first place, the best use is not made of the manure 
most generally available, viz., farmyard manure. In many districts 
this is used mainly as fuel resulting in a total loss of nitrogen. Even 
if this be not done the manure is almost invariably stored in such 
a way that at least 60 per cent, of the nitrogen is not utilised. 
Little efiort is made to collect the liquid and more valuable portion 
of the manure or to protect the manure pit in any way, with the 
result that the aggregate loss in manurial value is enormous. 

There is no doubt that many ryots at present do not realize 
the value of manures. This is a factor which time alone can remove 
but the ryot is a shrewd judge in many ways, and when once con- 
vinced by demonstration of the benefits to be derived he will not 
be slow to take up the use of manures. This has been diown in a 
striking way by the largely increased demand for fish guano even in 
districts remote from the §ource of supply. But assuming that 

6 
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the ryot ia fully convinced of the value of manure and anxious to 
obtain these, the price of most fertilizers has reached a figure which 
puts them quite out of reach of the small cultivator except in the 
case of the most profitable crops. The reason for this is the hi^ 
price which manures such as oil-cakes and fish command in the 
foreign market resulting in a large export trade and a rise of price 
in this country. 

Fish manure containing as it does a good percentage of both 
nitrogen and phosphate is particularly suitable to our soils and yet 
the export is increasing rapidly. In February of this year Colombo 
was paying Rs. 160 per ton for fish guano and consequently was 
attracting the bulk of this commodity which a year or so before 
was obtainable at Rs. 45 a ton ex-factory. This export is likely to 
continue, therefore, with a consequent increase in price in spite of 
the faet that the production of fish manure is necessarily limited 
and quitp insufl&cient to meet the manurial requirements of the 
country. 

When we come to consider the case of oil-cakes we find again 
exactly the same conditions prevailing. These cakes, thou^ they 
contain sometimes a fair amount of phosphate, must be regarded 
chiefly as nitrogenous manure. Now the oil-seed crops are noto- 
riously exhausting to the soil. But if the seeds were crudied and 
the resulting cake either applied to the land directly or in the form 
of cattle manure after feeding, there would at least be some return 
of plant food to the soil. But the tendency is all the other way. 
Not only has the export of oil-seeds steadily increased, but even 
in those cases where the seeds have been crushed in this country a 
large amount of cake is exported. The figures are instructive. 
Taking the normal years immediately preceding the war, the export 
figures for the whole of India were approximately as follows : — 


1913-14 All India 



Tons 

Value 

Whole oil-seeds 

Oil-cakes 

•• 

•• 

1,672,792 

176,000 

£ 

17,000,000 

1,000,000 

From Madras alonb. 

Oil-seeds 

Oil-oikie 

•• 

- •• 

.... 

3,600,000 

400,000 


(approiimAtely)^ 
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This has naturally led to a great increase in cost and the state 
of affairs is likely to become worse owing to the intense demand 
for such products at the present time in European countries. Hence 
it is not surprising to find that the present price of groundnut cake 
is about Rs. 140 per ton or three times the price for which it could be 
obtained a very few years ago. It is impossible for the average 
ryot to pay such prices and it is in my opinion essential that steps 
should be taken to remedy this state of affairs. It would therefore 
appear necessary to prohibit entirely the export of fish manure of 
which the supply is so limited and to impose an export tax on oil- 
cakes in order to retain a large quantity of these in the country. 
With regard to whole oil-seeds also a heavy export tax diould be 
imposed. In this way the oil -crushing industry could be developed 
in India, the oil being freely exported but the residual cake being 
consumed as far as required in this country. Two causes have 
hitherto tended to retard the development of oil-crushing in this 
country. The fact was that when oil-crudiing was introduced, 
owing to the wholesale adulteration which took place Indian 
oils obtained a thoroughly bad reputation. Secondly, European 
countries have imposed an import diity on oil while allowing free 
entry to whole seeds and cake. The remedy for the first is obvious ; 
in regard to the second, the conditions in Europe are such that it is 
doubtful whether these duties would be maintained if the supply 
of whole seed were restricted. Hence the times are now particu- 
larly favourable for such a change. 

So far we have been considering nitrogenous manures. In 
the case of phosphates the situation is much the same. The chief 
phosphatic manures available in this country are bones, fish manure, 
and deposits of mineral phosphate. With fi^ we have already dealt. 
In the case of bones we again find a large export taking place. 
Owing to the war, the figures for the last few years have been erratic, 
but in normal times bones to the value of over 4 lakhs of rupees Were 
annually e^orted from this Presidency alone chiefly-to Ceylon. 
As a result of this external demand the price has steadily risen and 
early this year the excessively high ^ure of Bs. 130 per ton was 
being quoted in Ceylon for bone meal. This is therefore another 
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case where export should be totally prohibited. The bones retained 
in this way could readily be crushed at a large number of centres 
because many land owners are already in possession of oil engines 
which are not fully employed and which could therefore be used 
with advantage to drive small disintegrators. In this way bone 
meal, which has given good results in this country, would be 
available af a greatly reduced cost. 

In the case of mineral phosphate deposits in this country we 
are at present in some doubt as to the best method of utilization. 
They are not suitable for the preparation of superphosphate and 
when used alone the availability is of a very low order. A con- 
siderable number of experiments have been carried out here to 
increase their availability by usirg the crushed mineral phosphate 
in combination with organic matter. The experiments have been 
sufficiently successful to indicate that a satisfactory method of 
utilizing these deposits will probably be found, but it cannot be said 
that the correct conditions have yet been realized. 

Quite recently claims have been put forward regarding a phos- 
phatic manure termed “ tetra phosphate ” which is prepared in a 
very simple way from rock phosphate. These experiments have 
been carried out chiefly in Italy and in my opinion the evidence is 
not particularly convincing. In view of the importance of uti- 
lizing our supply of phosphate we are, however, at present carrying 
out trials to test this new method on the Trichinopoly deposits, but 
the experiments are not yet sufficiently advanced to indicate the 
probable result. 

• - One other possibility has lately arisen in connection with such 
deposits. Very favourable results have been obtained in America 
by the use of ammonium phosphate. Such a fertilizer, containing 
as it does about 13 per cent, of ammonia and 40 per cent, of soluble 
phosphate, would probably be particularly suitable for the condi- 
tions prevailing in South Indian soils. The possibility of utilizing 
the Trichinopoly deposits in such a way depends entirely on the cost 
of production and this will again depend largely on the production 
of cheap ammonia which is quite a feasible proposal in this country. 
At any rate the prospect opens out a promising field of enquiry^. 
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"V^ile dealing with future possibilities I may also refer to the use 
of what is known as " activated sludge,” which is the final deposit 
obtained in the most recent method of sewage disposal. The 
substance when dry contains about 6-7 per cent, of nitrogen 
instead of the 1-2 per cent, in the older product and may 
eventually therefore form a valuable manure in the neighbourhood 
of large towns where such a system will sooner or later will have to 
be adopted. 

We dealt so far with the indigenous manures of the country 
and we must finally consider how far we can make use of synthetic 
methods for utilizing the nitrogen of the atmosphere to make 
nitrogenous fertilizers. There arc three or four ways in which this 
is now being done in other countries. First, there is the Arc method 
in which by means of a powerful electric arc the oxygen and nitrogen 
of the atmosphere are made to combine to form nitric acid. This 
requires very high powers and large production to be profitable 
and will not, I think, be practically suitable for Indian conditions. 
Secondly, we have the Haber process for synthetic ammonia by 
which hydrogen under the influence of a catalyst is made to combine 
with atmospheric nitrogen to form ammonia which can then either 
be converted into ammonia sulphate or further oxidized to nit)ic 
acid. This is one of the cheapest \vti}'s of producing ammonia and 
enormous quantities of ammonium sulphate arc now beir^ manu- 
factured in this way so that there is a considerable likelihood C)f a 
considerable fall in price as regards this fertilizer. This probability 
is increased by the repoi t recently published of an important improve- 
ment on this process which will considerably reduce the cost of 
production. The process, however, requires skilful supervision and 
wiU not therefore be particularly easy to establish in this country. 
Lastly, there is the cyanamide process in which atmospheric 
nitrogen is passed over heated calcium carbide with the formation 
of calcium cyanamide, a valuable nitrogenous fertilizer, which is 
also easily capable of conversion into ammonia. The requisite 
materials for this process are supplies of limestone, fairly pure 
charcoal and reasonably cheap electric power and it is likely to be 
the beat adapted for use in this country. 
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There is no doubt ample scope and opportunities for the develop- 
ment of such industries in India. Not only are the fertilizers pro- 
duced of the greatest value in themselves but they could be used 
in combination with poonacs of poor quality such as piwnai or 
dupahe cake which at present can be profitably used alone. 

It may be remarked in passing that a new nitrogenous ferti- 
lizer has recently received much attention, viz., ammonium nitrate, 
which was largely used in the war as a constituent of explosives. 
The advantage of this compound is that it contains nearly 36 per 
cent, of nitrogen and so is the most concentrated nitrogenous 
manure made, a factor of value where transport has to be considered. 

I hope I have now been able to show that it is possible by the 
methods indicated, viz., restriction of export of poonacs, uncrushed 
oil-seeds, bones and fish manures and by the development of the 
processes for the synthetic production of nitrogenous manures, to 
reduce very considerably the price of manures in this country. I 
have only time to refer very briefly to the other measures necessary 
to ensure the best use of the materials thus made available. The 
first necessity is the further education of the ryot. As 1 indicated, 
this is not so difficult as sometimes supposed and machinery already 
exists for such work and only requires expansion. 

Secondly, the cost of transport must be reduced to a lower 
figure. Hence co-operative purchasing is indicated in order that 
manures may as far as possible be carried in bulk with consequent 
reduction in freightage rates. For similar reasons purchase in bulk 
is necessary in order to obtain favourable terms, and this means 
credit must be provided. There is therefore a large field here for 
the development of co-operation. 

Finally, there is the difficulty, and it is no small one, of the 
present system of land tenure in many parts of the country. So 
insecure is the position of the tenant that he cannot reasonably be 
expected to sink capital in improvements from which he himself 
may obtain but little benefit and for which, if evicted, he can claim 
no compensation. 

The whole question therefore is by no means a simple one but 
the time is quickly approaching when it will have to be faced in a 
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reasonable manner. The population is increasing rapidly and I 
believe that the enhanced production required can only be brought 
about by a determined effort to increase the 'permanent fertility of 
the soil by reasonable manorial treatment. At present there is a 
tendency to face it in another -way by the attempt to bring into 
cultivation large areas of more or less unprofitable land, but judged 
only from the point of view of production this can have but little 
permanent value and cannot be regarded as anything but a 
palliative of a temporary nature. 

Summary. 

The situation may then be summed up briefly as follows : — 

1. A large proportion of the soils of the couutiy are already 
suffering from starvation or are approaching that state. 

2. The supply of indigenous manurial products is being sent 
out of the country at an increasing rate with the result that the 
price is now prohibitive to the small cultivator. 

3. Such a deficiency must be met by (o) limitation of export 
of such materials ; {h) increased production of synthetic nitrogenous 
manures, in which methods based on the cyanamide process would 
appear to be most likely of success in this country ; (c) development 
of processes for the utilization of the phosphatic deposits of the 
country. 

4. In order to utilize the increased supply of manurial sub- 
stances, attention must be directed to (a) education of the ryot to 
realize their value ; (6) development of co-operative buying and 
transport ; (c) revision of land tenures where these do not give the 
tenant a sufficient margin of protection. 
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Much interest has been awakened in recent years in the culti- 
vation of fruit and the production of articles of consumption 
previously imported. There is no doubt that, if the subject was 
better understood and the knowledge properly applied, the greater 
proportion of the money paid to outside producers might be kept 
in the country, not only to the material economic advantage of 
India, but also from a health point of view. 

India — and I may even confine my statement to apply to the 
Madras Presidency — ^with its vaiying altitudes and climate is, in 
my opinion, as near as possible, ideal for the cultivation of almost 
every known variety of fruit, and what with the ever improving 
economic position of the majority of Indians, combined with Gov- 
ernment assistance in opening up an experimental jam and preserve 
factory on the Nilgiris, there is, and always will be, a growing 
demand for really well-grown fruit. 

At the present time, demand is undoubtedly outpacing the 
supply. 

Apart from the urgent need for fresh fruit, there is also a 
growing demand for preserves, cool drinks, etc., such as marmalade, 
candied-citrus peel, raw and sweet lime juice, citric acid, crystals 
for mineral waters, and citrate of lime which is used in its crude 
form for bleaching certain kinds of linen. Also other bye-products, 

♦Paper road at the Madras Agricultural Conference, 1919. Reprinted from the of 

iht Mtidros AffficuUurdl Siudenta^ Urtiori, December 1919* 

( 444 ) 



THE K>8SIBIL1TIES OF CITRUS CULTURE IN INDIA 446 


which, owing to simple methods of manufacture, could easily be 
made in this country by any intelligent ryot, after receiving a few 
lessons from an expert of the Agricultural Department, and it is my 
good fortune to know how keen the officials of the Agricultural 
Department are, in every branch, to help one and to give valuable 
advice merely for the asking. 

What with cheap labour, combined with a few simple and 
effective appliances for cultivation, and given facilities for irri- 
gation where necessary, and average good land — such as is met 
with more or less all over the country — with an addition of ferti- 
lizers intelligently applied, we should not only be capable of pro- 
ducing enough first class fruit for our own requirements, but could 
compete moat favourably with other cxpoiting countries on the 
European markets. 

The most suitable places in 8outh India for citius culture 
would be parts of the Nilgiris, Shevoroys, Kun.nan\alais and many 
other hills, the Malabar t'oast, W'yn: ad and, in fact, almost any- 
where where there is good soil and ample lainfall, say, from CO to 
120 inches average, or where irrigation is available. 

Citrus fruits do best in a deep, loamy soil rich in humus and the 
essential plant foods, but it has been my experience that almost 
any soil can be made to grow good, healthy fruit trees ; with proj)er 
preparation of the soil before planting and what with cheap labour 
and suitable implements, which are available in the country at 
present, it is not a very difficult pr expensive matter to bring some 
of the most intractable and apparently iirdiflerent looking soil into 
a fit state to grow excellent fruit trees. It is merely a matter of 
thoroughly working, and in some cases, sub-soiling, draining, and 
ploughing in one or two green manure crops and adding suitable 
fertilizers, and the trees — other things beiirg equal — will not only 
grow well, but very soon bear paying crops. 

Now to the question of the right kind of plants to propagate 
or purchase :■ — Cheap trees, merely because they are cheap, usually 
prove to be the most expensive in the long run ; therefore, purchase 
your trees from a reliable nurseryman and pay him a fair price for 
the very best trees he can produce. You may be told that two 
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or three year old plants, such as one sees in nurserymen’s show 
gardens, and which are usually covered more or less with fungi of 
aorta, trying to grow in a 6-inch flower-pot, will make excellent 
growth when planted out, and will bear fruit in one or two years. 
These plants are sold at a low price and are usually not worth 
paying freight on. It is more economical to pay a good price for 
really well-grown healthy plants free from leaf and other diseases 
and also guaranteed true to name and thus avoid the possible dis- 
semination of virulent plant diseases. It is to be hoped, now that 
the Pest Act is in force, Government will consider the necessity of 
inspecting plants offered for sale in evciy nursery in the country, 
and no one should be allowed to sell plants to the public without 
first obtaining an annual certificate of cleanliness from an authorized 
Government expert. I laiow a case where a man spent a consi- 
derable amount of money on citnjs plants which were covered with 
a most destnictive fungus disease and, had it not been that he 
procured advice, and had not the plants been properly treated in 
time, he would have lost the whole of them and, worse still, would 
have given up in despair an entci prise which has since proved a 
most remunerative undertaking, thinking that either the climate 
or soil was unsuitable. 

As regards suitable varieties, there are many, and, on looking 
through a catalogue, one is often bewildered by the host of varieties 
named, all — or nearly all- of which appear to have special merits. 
As India is the home of citrus tribe, it would be as well to consider 
the best of those usually grown in the locality, such as the Nagpur 
santara orange, the Sylhet, and in South India, especially in 
Coorg, that which has come to be known locally as the Coorg orange, 
are perhaps three of the best. Of imported varieties, there are 
Washington Navel, Navelensia, Mediterranean Sweet, Paper rind, 
St. Michael Joppa, and Valencia late — to mention only a few of 
the best ; there is Sevill orange {G. vulgeris) and sometimes called 
C. higardia or bitter orange, which is used extensively in the manu- 
facture of marmalade and also for the extraction of essential oil 
from the rind, leaves and flowers, which is used as a base in the 
manufacture of some of the most expensive perfumes and also fox 
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the manufacture of citrate of lime from the juice. A sample taken 
from this variety growing locally was found to contain 9 oz. of 
citric acid crystals per gallon of juice. 

The citron {0. medica sp.), the rind of which is used in the 
manufacture of the candied peel of commerce, and for which there 
is a large demand. Juice of this fruit also has been tested and 
found to contain over oz. of citric acid per gallon of juice. 

The Pomelo (C. decumana), which is sometimes called the 
Shaddock, grape fruit, etc. Apparently there are three varieties 
of this fruit grown in South India, although none of them could by 
any stretch of imagination be considered to resemble a grape in 
taste. There is no doubt, however, that there is more than one 
variety of this fruit which is really delicious when prepared by ex- 
tracting the bitter membrane and sprinlding the pulp with sugar. 
I have it on the authority of an expert in such matters that it is a 
delicious and refreshing fruit to eat early in the morning. There 
is no doubt that if this fruit with its vigour, deep-rooting system, 
and enormous bearing qualities was extensively grown and the 
taste for it acquired, there would be an enormous demand at 
remunerative prices, and it probably would become as well 
known and appreciated in India as it is in Europe and America 
at the present time. 

The lime {G. medica var. acida) of which there are at least 
three distinct kinds, viz., thorny, thornless, and seedless. If pos- 
sible, the thornless variety should be chosen for general cultivation 
owing to the convenient way in which prunii^, gathering the fruit, 
and general cultivation can be carried out, and this apphes especially 
in India, where the labourers generally work bare-footed. If, 
however, a thorny variety be planted, the inconvenience of the 
thorns can, to a great extent, be overcome by careful handling at 
pruning time, by having some kind of cart, handled between the 
lines in which all prunings are thrown, and this will probably pay 
for doing, in view of the fact that, so far as is known at present, 
the thorny gives the highest percentage of citric acid. There 
does not appear to be any appreciable difference between the 
thorny and seedless varieties in this respect. 
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It is found, where limes are grown on a large scale, that the 
citric acid content of the juice varies considerably with the rainfall, 
that is, in a wet climate or season the acid content is low, whereas 
during dry weather, or where the average rainfall is small, the acid 
content is high, the variation being from 10 oz. per gallon in the wet 
weather to 14 oz. in dry weather — teats in the West Indies. In 
June of this year, after trees growing in Yercaud had passed through 
a very severe dry weather, the juice tested as high as 21 1 oz. per 
gallon, whereas in December, after a long spell of wet weather, the 
test gave only 10 oz. to the gallon. At the same time, the variation 
in such figures may be more apparent than real, as fruit may contain 
more juice in a wet season than in a dry one, and it is quite possible 
that, although the percentage of citric acid per gallon may be 
lower in wet weather, the probable extra amount of juice will com- 
pensate, or perhaps more than compensate, for the higher percentage 
in dry weather fruit. Although the different kinds of lime in 
general cultivation do not appear to vary greatly either in acid 
content or the amount of juice per given weight of fruit, this is a 
point which appears to lend itself to very useful research work, 
both on the line of natural selection, and possibly through budding 
selected plants on to vigorous stocks, with a view to improve not 
only the yield of acid content, but also the improvement in quality 
and quantity of the essential oil in the rind, and this is a point well 
worth considering before planting out on a large scale, the main 
issues being the citric acid percentege, quantity of juice and essen- 
tial oil obtainable per acre. And I cannot find that, up to the 
present, this subject has seriously bceix studied in a scientific manner. 
It is obvious that one acre of limes giving an average of, say, 2,000 
fruits per tree of 10 oz. acid content is more profitable than one 
giving 200 per tree of the same sized fruit giving 10 oz. acid per 
gallon. 

You will now naturally want to know the possible returns 
from citrus fruit growing, and this is a point on which I fear much 
controversy will arise, and to avoid the possibility of misunder- 
standing which may lead a prospective planter astray and cause 
him to invest his capital without a full knowledge of the subject, 
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I will say at once that other things being equal— much, in fact 
everything, depends on the individual. At the same time, there is 
no reason why any one interested in fruit culture shotild go astray 
when really sound advice can be easily obtained from the Agri- 
cultural Department, and — strange as it may seem — I have much 
more faith in the eagle eye of an entomologist or mycologist than 
in a painted chatti which one sometimes sees erected on a pole to 
ward off the evil eye. As there is now no excuse for any one going 
astray on this point, I will give you some figures which may encourage 
some one to have a flutter at what I consider to be a paying pro- 
position. To begin on the safe side, I cannot, I think, do better than 
quote figures which I gave to a fruit-planter who obtained my 
advice some time f go in connection with his orange trees, which 
consisted chiefly of Mandarines, Washington Navel, Navelia, St. 
Michael, Mediterranean Sweet, rnd Lemons ; these figures refer 
to 9-year old trees which were allowed to overbear in the 
fourth year and suffered, not only in consequence of this but also 
from neglect of the ordinary practices of cailtivation for the remain- 
ing five years and they were in anything but good condition. I esti- 
mated that given proper cultivation and pruning, each tree should 
give an average of 5 dozen perfect fruits the same season, which, consi- 
dering the excellent varieties and the advantageous market condi- 
tions, would have sold at 8 annas per dozen or Rs. 2-8-0 per tree, and 
this on over 700 trees, or roughly 7 acres, or say, Rs. 250 an acre. 
Allowing Rs. 100 an acre for cultivation, manure, etc., and cost of 
marketing the crop, it would have left Rs. 150 an acre clear. Had 
those trees been properly cared for and Rs. 100 an acre spent 
annually on cultivation, pruning and manure, they would have, 
at 9-year old, given considerably over 500 fruits per tree, and this 
is what I consider to be a fair average crop on well-cared-for trees 
under general Indian conditions for oranges, lemons, citrons, etc. 
Limes of course bear much heavier crops, and, owing to their being 
planted 16' x 16' apart which would allow them ample room even on 
the best of soils and give 193 trees per acre, I have seen trees which 
gave an annual crop of between three and five thousand limes of 
good size. As to the prices obtainable for fruit in different 
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districts, much depends on the market facilities on each plantation ; 
it is impossible to give anything like an accurate statement as to 
possible profits in each district. But the figures I have given will, 
I think, enable any one interested in the subject to form a fair idea 
on this point. Unfortunately I am unable to go into details of the 
manufacture and sale prices, etc., of citric acid in such a short paper 
as this must be. There are other aspects of citrus culture, such 
as the preservation of fruit by the sweating process and allied 
subjects, which, I fear, must be left out of this paper, also through 
lack of time. As it is, I am afraid I have overstepped the time limit 
and trust you will excuse the prolonged babbling of an enthusiast. 



BRITISH CROP PRODUCTION * 


BY 

DR, EDWARD J. RUSSELL, F.R.S. 

Crop production in Britain is carried on in the hope of gain, 
and thus differs fundamentally from gardenirig^ which is commonly 
practised without regard to profit and loss accounts. Many poets 
from times of old down to our own days have sung of the pleasures 
to be derived from gardening. But only once in the history of 
literature have the pleasures of farming been sung, and that was 
nearly two thousand years ago. 

Ah ! too fortunate the husbandmen, did they but know it, on whom, far from 
the clash of arms, earth their most just mistress lavishes from the soil a 
plenteous subsistonoc. — “Georgies,” Bk. II., i, 468 et seq> 

“ Did they but know it ” ! Even then there seem to have 
been worries ! 

This seeking for profit imposes an important condition on 
British agriculture : maximum production must be secured at the 
minimum of cost. This condition is best fulfilled by utilizing to the 
full all the natural advantages and obviating so far as possible all 
the natural disadvantages of the farm— in other words, by growing 
crops specially adapted to the local conditions, and avoiding any 
not particularly well suited to them. 

From the scientific point of view the problem thus becomes 
a study in adaptation, and We shall find a considerable interplay of 
factors, inasmuch as both natural conditions and crop can be some- 
what altered so as the better to suit each other. 

It is not my province to discuss the methods by which plant- 
breeders alter plants ; it is sufficient to know that this can be done 


*I>i8ooni8e ddirered at the Royal Institution in February 1920. Reprinted from Nature 
doted the 8th April, 1020. 
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within linuta which no one would yet attempt to define. The 
natural conditions are determined broadly by climate and by soil. 
The climate may be regarded as uncontrollable. “ What can’t be 
cured must be endured.” The scheme of crop production must, 
therefore, be adapted to the climate, and especially to the rainfall. 

The rainfall map shows that the eastern half of Engla nd is, 
on the whole, drier than the western half. In agricultural e:q)eri- 
ence, wheat ’flourishes best in dry conditions a nd grass in wet con- 
ditions ; the vegetation maps .show that wheat tends to be grown 
in the eastern and grass in the western part. The strict relationship 
is that seed production is appropriate to the drier, and leaf pro- 
duction to the Wetter, districts. 

The great soil belts of England south of the Trent run in a 
south-westerly direction; north of the Trent, however, they run 
north and south. A heavy sod, like a wet climate, favours grass 
production; a light soil, like a dry climate, is suitable for arable 
crops. The great influence of climate is modified, but not overridden, 
by the soil factor. 

The arable farmer grows three kinds of crops : corn, clover or 
seeds hay, and fodder crops for his animals or potatoes for human 
beings. The same general principles underlie all, and as corn crops 
are of the most general interest (though not necessarily of the 
greatest importance) they will serve to illustrate all the points it is 
necessary to bring out. We have seen that wheat is cultivated 
more in the eastern than in the western portion of the country. 
The figures for consumption and production are as follows : — 


Millions of tons per annum. 



Consumption 

1 

1 Production in England 

1 Production in United 


Kingdom 

and Wales 


i Kingdom 

1 




Before 



Before 





war 1914 

1018 

1019 

war 1914 

1918 

1919 

Wheat 

7-40 

l-fi 

2-3 

1*8 

1*7 

2*6 

2*0 

Barley 

1-96 

1*2 

1*2 

1-1 


1*5 

1*3 

Oats 

4-30 

1-4 


1-6 

3-0 

4*5 

1 

4*2 
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During the war very serious attention was paid to the problem 
of reducing the gap between consumption and production. A 
working solution was found by lowering the milling standard, 
retaining more of the offal, and introducing other cereals and pota- 
toes ; a very considerable proportion of the resulting bread was thus 
produced at home. But the war-bread did not commend itself, 
and disappeared soon after the armistice ; since then the con- 
sumption of wheat has gone up, and the divergence between con- 
sumption and production has again become marked. There is no 
hope of reducing consumption ; we must, therefore, increase pro- 
duction. Additional production may be obtained in two ways : 
by increasing the yield per acre, and by increasing the number of 
acres devoted to the crop. 

The yield per acre is shown in the following table : — 


Measured bushels per acre. 



(1908-17) Average yield per acre 






A good farmer 

Highest recorded 


England and 
Wales 

Scotland 

j 

expects 

yield 

Wheat 

31*0 

1 

39-9 

40 to 50 

96 

Barley 

31*9 

35-4 

40 to 60 

80 

Oats . / 

39*3 

38-9 

60 to 80 

121 


Unfortunately the terms “ bushel ” and " quarter ” {8 bushels) 
lack definiteness, being used officially in three different senses and 
unofficially in several others also. The following are some of the 
definitions of a bushel : — 


! 

Official statistics. 

A definite 
volume having 
the following 
average weight 

Com Returns 
Act. 

Volume occupied 
by following 
weight 

Grain Prices 
Order. 

Volume occupied 
by following 
weight 

Frequent practice. 
Volume occupied 
by following 
weight 


lb. 

lb. 

lb. 

lb. 

Wheat 

61*9 

60 

63 

63 

parley 

63*7 

50 

56 

66 

Oats 

39-3 

1 

39 

42 

42 


6 
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The average results include bad farmers and bad seasons ; the 
good farmer expects to do considerably better, but he has many 
things in his favour : superior knowledge, greater command of 
capital, and possession of good land ; he will, therefore, always 
stand above the average. Even his results can be improved ; the 
hipest recorded yields show what can be done with present 
varieties and present methods in exceptionally favourable circum- 
stances. The figures give the measure of the scientific problem, 
which is to discover what changes would be necessary in order 
to bridge the enormous gap between the average and the best. 
In three directions progress is possible : we may modify the plant, 
or the soil, or we may mitigate the effects of unfavourable 
climate. 

Before the soil can be brought into cultivation at all it is neces- 
sary to carry out certain major operations — draining, enclosing, etc., 
—which have to be maintained in full order. These lie outside 
our present discussion ; we must assume that they are properly 
carried out, which is by no means always the case. Given adequate 
drainage, soil conditions are profoundly modified by cultivation, 
which has developed into a fine art in England and Scotland, and is, 
indeed, far better practised here than in most other countries. 
But it is an art, and not yet a science ; the husbandman achieves the 
results, but no one can yet state in exact terms precisely what has 
happened. A beginning has been made, and a laboratory for the 
study of soil physics has been instituted at Kothamsted and placed 
under Mr. B. A. Keen, where we hope gradually to develop a science 
of cultivation. For the present cultivation remains an art, and, 
further, it is essentially a modern art. The medieval implements, 
as shown in the Tiberius MS. (eleventh century) and the Luttrell 
Psalter (fourteenth century), were crude, and left the ground in an 
exceedingly rough condition. Great advances were made throughout 
the nineteenth century. Eobert Ransome, of Ipswich, took out his 
first patent in 1786 to improve the plough ; he was followed in 1812 
by Howard, of Bedford, and later by Crosskill, Marshall, Bushton, 
Fowler, and others, who have made Britidi implement makers 
famous throu^out the world. Given time and sufficient labour 
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the good British farmer using modem implements can accomplish 
wonders in the way of cultivation. 

Unfortunately, neither time nor labour is always available. 
Ploughing is possible only under certain weather conditions, and 
there are many days in our winters when it cannot be carried out. 
Unless, therefore, a large staff of men and horses is kept, the work 
often cannot be done in time to allow of sowing under the best 
conditions. 

The early days of the life of a plant play almost as important 
a part in its subsequent history as they do in the case of a child. 
Illustrations are only too numerous of the adverse effect of being 
just too late for good soil conditions. One from our own fields is as 
follows : — 


Work completed 

»Socd sowm 

Yield of wheat 
1916 

Bushels per acre 

Just in time 

Nov. 24, 1915 

26*8 

Just too late 

Feb. 17, 1916 

19-3 





The farm-horse will not be speeded up, but maintains an even 
pace of 2} miles per hour. According to the old ploughman’s song 
still surviving in our villages, an acre a day is the proper rate :• — 

We’vo all ploughed an acre, I’ll swear and I’ll vow, 

For we’re all jolly fellows that, follow the plough. 

But under modern conditions it is impossible to get more than 
three-quarters of an acre a day ploughed on heavy land, and the 
scarcity of teams threatened to bring arable husbandry into a 
hopeless impasse. Fortunately for agriculture, the internal-com- 
bustion engine appeared on the farm at a critical moment in the 
shape of the tractor, and has brought the promise of a way out. 
The tractor has two important advantages over the horse. First 
of all, it Works more quickly. Its pace is 3| miles per hour instead 
of 2\ miles. It turns three furrows at a time instead of one only . 
on our land it ploughs an acre in four hours instead of taking 
nearly a day and a half as required by horses. There is no limit 
to the work it can do ; even an acre an hour is no wild dream, 
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but may yet be accomplished. It therefore enables the farmer 
to get -well forward with his plougj^ing during the fine weather 
in late summer and early autumn, ahS ^tBulf'^o obtain the great 
advantages of a partial fallow and of freedom to sow. at any 
desired time. On our own leChd our experience has b^ as.-, 
follows : — 


Dates of completion of somngs of wheat and oats. 


Year 

Wheat 

Oats 


1916 .. .. i 

February 17 

Octolier 16 


11917 

March 16 

17 

Y Horses only. 

1918 

January 2(5 

„ 27 

j 

' 1919 

November 26 

„ 5 

'J’ractor. 


Further, if the plough is coixectly designed and properly used, 
the tractor does the work fully as well as horses — even the horse- 
ploughman admits that. It therefore increases considerably the 
efficiency of the labourer, which, as we shall see later on, might 
advantageously be raised. The cost of working is apparently less, 
though it is difficult to decide this until one knows what the repaii s 
bill will be. In our case the cost is : — 


Cost of ploughing per acre, Autumn, 1919 . 





By tractor 

By liorses 

Labour • . 

Maintenance . . 

. . 


s. d, 

7 7 

a, d. 

10 2 

22 6 

Oil and petrol . . 



7 8 

Depreciation and^repairs . , 

•• 

.. 

6 3 

— 




21 6 

. j 




32 8 



Time taken 

4 hours 

H days j 


The internal-combustion engine is only just at the beginning 
of its career on the farm, and no one can yet foresee its develop- 
ments. It is being used at present simply like a horse, and is 
attached to implements evolved to suit the horse. But it is not a 
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horse ; its proper purpose is to cause rotation while it is being used 
to pull, and in some cases, indeed, this pull is reconverted into 
rotary motion. 

The second great method of improving soil conditions is to add 
manures and fertilizers. Farmyard manure is more efEective than 
any other single substance ; it is likely to remain the most impor- 
tant manure, and if available in sufficient quantity it would 
generally meet the case. Realizing its importance, Lord Elveden 
generously provided funds for extended investigations at Rotham- 
sted into the conditions to be observed in making and storing it. 
This work is still going on, and is leading to some highly 
important developments. 

Farmyard manure, however, is not available in sufficient 
quantities to meet all requirements. The chemist has long since 
come to the aid of the farmer ; he has discovered the precise sub- 
stances needed for the nutrition of the plant, and prepared them 
on a large scale. Like cultivation, this is largely a British develop- 
ment ; it was in London that the first artificial manure factory was 
established in 1842, and for many years the industry v as centred 
in this country. The fertilizers now available are as follows : — 

Nitrogenous. Nitrate of soda, nitrate of lime, sulphate of 
ammonia, and cyanamide (nitrolim). 

Phosphatic. Superphosphate, basic slag, mineral phosphate, 
guano, and bones. 

Potassic. Sulphate of potash, muriate of potash and kainit. 

Agricultural chemists have worked out the proper combi- 
nations for particular crops, and obtained many striking results. 

Without using any farmyard manure they have maintained, 
and even increased, the yield of corn crops, fodder crops, and hay ; 
and in the two latter cases there has been an increase, not only in 
yield, but also in feeding value per ton. In spite of seventy years’ 
experience there is still much to be learned about the proper use of 
artificial fertilizers, and they may still brii\g about even fuller yields 
from the land. 

The yield of com crops can be increased by artificial fertilizers, 
but not indefinitely ; the limit is set by the strength of~t^ straw. 
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As the plant becomes bigger and bigger, so the strain on the straw 
increases, until finally when the plant is some 6 ft. higjh, it cannot 
stand up against the wind, but is blown down. 

Little is known about the strength of straw. It is a property 
inherent in the plant itself, and differs in the different varieties. It 
is affected by the season, being greater in some years than in others. 
It is affected also by soil conditions. At present the strength of the 
straw is the wall against which the agricultural improver is pulled up. 
The problem can undoubtedly be solved, and the plant-breeder 
and soil-investigator between them may reasonably hope to find 
the solution. 

Another great effect of artificial fertilizers which has not yet been 
fully exploited is to mitigate the ill-effects of adverse climatic con- 
ditions. Phosphates help to counteract the harmful influence of 
cold, wet weather ; potassic fertilizers help the plant in dry con- 
ditions. The combination of a suitable variety with an appropriate 
scheme of manuring is capable of bringing about considerable 
improvement in crop production. 

A demonstration with the oat crop on these lines was aiTanged 
last year in a wet moorland district and the crops when seen in 
August were as follows ; 


- 

Estimated crop 



Bushels 

i 

Local variety, local treatment 

27 

Harvest late. 

Local variety, phosphatic manuring 


,, earlier. 

Special vaiioty “ Yielder,” phosphatic manuring ' . . 


1 „ earlier. 

54-60 

( stands up well. 


The potato crop is governed by the same general principles as 
corn crops. It furnishes more food per acre than any other crop, 
but it is much more expensive to produce, and therefore is grown 
chiefly in districts where the conditions are particularly well suited 
to it : the Pens, Lincolnshire, the plains of Lancashire, and the 
Lothians, though smaller quantities are grown in almost every 




BRItlSH OROt RRODUCtlON 


459 


part of the country. The production and consumption are as 
follows : — ' 


Potatoes: Annual produdion and consumfcion. 


Consumption 


r 


Production 


0*5 millions of acres 


In England and Wales 


Pre-war 



1914 

1918 

1919 

3-00 

4*20 

2-70 

0*4(5 

0*63 

0*48 


In United Kingdom 


Pre-war 



1914 

1918 

1919 

7*50 

9*29 

6*30 

1-20 

1*51 

1*22 


We are thus self-supporting in the matter of potatoes. We do, 
however, import about half a million tons per annum of early and 
other potatoes ; we also export seed potatoes and some for food — in 
all, about one million tons per annum. 


{To he continued.) 



CONTRIBUTIONS FOR AGRICULTURAL INVESTIGATIONS. 

The Trustees of the Sir Sassoon David Trust Fund have 
made the following grants to the Bombay Department of 
Agriculture : — 

1. A contribution of Ks. 6,666 per annum for three years 
for the investigation of the insect diseases of jowar {Andropogon 
Sorghum) and their methods of control. 

2. A contribution of Rs. 5,000 per annum for three years for 
the investigation of methods of improving poor grazing lands 
under Deccan conditions. 

3. A contribution of Rs. 5,000 per annum for three years for 
the investigation of the eradication of the most serious weeds of 
cultivation, and especially of lamia {Cyperus rotundus).^ 

4. A contribution of Rs. 6,666 per annum for three years for 
the mvestigati(ji of drought-resisting, high-yielding varieties of 
food crops, and especially of hajri {Pennisetum typhoideum). 

5. A contribution of Rs. 2,000 per annum for three years for 
the study of the deterioration of cardamoms in the spice gardens 
of Kanara. 

6. A contribution of Rs. 3,333 per annum for three years for 
the study of the economic efficiency of agricultural implements in 
"Westem India, and its increase. 

7. A contribution of Rs. 6,000 for the investigation of the 
difficulties of potato cultivation in the Deccan. 

8. A contribution of Rs. 10,000 towards the cost of buildings 
for the rice experimental station at KarjUt (Kolaba District* Bombay 
Presidency). 


( 46 () ) 





461 


THE ORIENTATION OF THE BANANA INFLORESCENCE. 

There has always been a vague belief among banana giowers 
that the orientation of the banana inflorescence is a thing that can 
be controlled. It was thought that the said inflorescence would 
appear either on the side of the plant where the cut surface of 
the corm is found or on the exactly opposite side. No scientific 
evidence for the belief existed. 

The evidence given below tends to show that the inflorescence 
appears on the side opposite to the cut surface of the corm from 
which it springs. 

In July 1919 the writer superintended the planting of an area 
of bananas in the Ganeshkhind Botanical Garden. This area 
measures Ij acres and corrtains 560 plants mainly of Sonkel and 
Rajapuri varieties. All conns were planted in the same wa}', 
namely, with the cut aide facing north. It was hoped thus to 
protect the bunches from the southern sui\, if the bunches canre out 
on the north side. 

After three or four moirths all trees showed a slight mclination 
to the southern side. In the beginning of March 1920 many of the 
trees of the Rajapuri variety begarr to bear. In every case so far 
the inflorescence is toward the south. 

The mclination of the trees toward the south gave the writer 
an idea and he hastened to test it by digging out the soil and exposing 
the roots of a couple of trees. In both the trees examineil it was 
found that the cut surface of the corm had produced no roots, 
but that the roots were produced along the border of the cut surface. 
Roots are, however, produced freely fronx the rest of the corm. 
This absence of roots from a great portion of one side of the corm 
means less firm anchoring on that side. As the tree sways with 
the wind it is conceivable that there is a gradual tendency to bend 
away from the weakly anchored side. The banana inflorescence, 
\frhen it appears, will, by the force of gravity, bend over to that 
side towards which the stem is already leaning. 

number of trees now bearing is 64, and all the inflore- 
scence are bent towards the south. If all the others bend in the 
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same manner it would seem that there is some ground for the 
writer’s theory, namely, that the bending away from the side of 
the cut is simply due to imperfect anchoring in the soil. 

It is of course possible that this bending, all in one direction, 
may be due to some factor in the environment. This doubt can be 
removed by planting the corms so that each row has the cut surface 
opposite that of the next row. This would bring the inflorescences 
facing one another in every two rows if the writer’s theory is true. 

If the theory proves to be true, advantage can be taken of it 
to plant corms so that the inflorescence and the fruits will not 
suffer from the sun, or to plant them so that the bunches face one 
another between the rows and so can be easily watched. — [P. G. 
Dani.] 

* 

* ♦ 

A NOTE ON HELIOTHL^ {CHLORIDEA) OBSOLETA, Fb., 

AS A PEST OP COTTON. 

During the course of investigation into the bionomics and 
incidence of Pectinophora gossypieUa now being carried on at Coim- 
batore we were surprised to discover Heliothis ohsoleta, Fb., was 
engaged in committing more havoc than Eariasfahia, Earim imulana 
and Pectinophora gossypiella put together. As far as the writer is 
aware this is the first record of Heliothis ohsoleta appearing on cotton 
in pest conditions. In America and in Africa it is a regular pest 
of cotton, but so far does not appear to have damaged this crop 
in India. 

At the time when most damage was being done, and the damage 
was considerable, not only was there about 16 acres of Bengal gram 
{Cioer arietinum) on the farm, but next to one of the attacked fields 
were some tobacco plants in seed. ^ These latter were not touched. 
The gram crop was almost a total loss. Cambodia cotton appeared 
to suffer rather more than Uppam or Kwangunni although the 
latter varieties were in the next field to the gram field. 

The Heliothis ohsoleta larvse feed on the young green bolls of 
the Cambodia both from the outside, according to their usua^ 
habit when attacking gram, and also at times entered entirely into 
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the boll and stayed there until they had eaten the entire contents. 
At other times a U-ahapcd tunnel would be driven through the boll. 
In other cases again the outer rind would be nibbled and then left. 
In nearly every case where the boll had been entered, a boll attacked 
meant a boll destroyed, unlike P. gossypiella which does not always 
damage the whole boll. It was observed that before beginning to 
attack a boll, H. ohsoleta larvae would often spin a few threads of 
silk between the boll and the bracts. At first these threads were 
attributed to spiders until the time when larvae were seen at work 
spinning them. 

There is no doubt that if this change of habit (as far as India 
is concerned) on the part of H. ohsoleta were persisted in, it would 
be a far more dangerous pest than either Earias or Pectinophora. 

The attack was first noticed early in January and by the end 
of February all larvae had disappeared. A table is given below 
showing the amount of damage done. This table does not take 
into account the bolls and buds attacked and fallen to the ground 
as no trace of these could be kept. The bolls examined did not 
come from one field but from several fields at different places on the* 
Central Farm. 

It may be noted that one consignment of green bolls from 
Pollachi, distant some 30 miles from Coimbatore, also showed 
that H. ohsoleta was present in pest conditions. 


jNu. of boll*' 
examined 

Date 

PEROBNTAaB DAMAGED 

Kbmabks 

P. 

E. 

H. 

• 2,000 

10-1-20 

45-5 

2-50 

650 

6*5% of the bolls destroyed# 

2,000 

17-1-20 

M 

? 

180 


2,000 1 

24-1-20 

0-6 

0-65 

MO 

Increase of flowers and buds. 

2,000 

31-1-20 

0-3 

0-45 

3-75 


2,000 

7-2-20 

0-4 

0-40 

3-20 


1,000 

14-2-20 

o-o 

0-00 

300 

•i 

1,000 » ., 

21-2-20 

10 

2*10 

0-50 


1,000 

28-2-20 

1-2 

1-10 

nil 



P. — Pactinophora goaaypieUa* 

E. — Eariaa sp. faUa and iiisulana, 
H. — UeliotUU obaoleta, 

* Percentage o£ E. to E. and to P« 
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The usual plants attacked by* H. ohsoleta in South India are 
red gram {Gajanus indicus), Bengal gram {Cioer atietinum), 
groundnut (Araohis hypogwa), tomato, maize, chokm {Andropogon 
Sorghum), tobacco, Cannabis saliva, linseed, safflower, lablab 
{Dolichos lablab). — [E. Ballard.] 

* 

sit 

PLANT HYGIENE. 

Increasing interest is being taken by farmers and commer- 
cial fruit and vegetable growers in science as applied to cultiva- 
tion. Both old established societies— content in the past with their 
practical knowledge of crop cultivation — and newly formed socie- 
ties — anxious to base their operations on scientific lines— are 
asking for lecturers who can demonstrate to them the advantages 
of the combination of theory and practice. The Ministry welcome 
such requests, and are ei'.deavouring to meet them as far as 
possible. 

In the middle of January a lecture was delivered in Nor\yich 
by Mr. G. 0. Gough, B.Sc., an Inspector of the Ministry, on the 
subject, “ Plant Hygiene in Relation to Crops.” Mr. Gough first 
pointed out that cleanliness is as important to plants as to human 
beings, and gave instances of the large losses sustained in this and 
other countries from the depredations of the pests and diseases of 
plants and crops. 

"With regard to measures of control, the lecturer considered the 
subject under the four headings : — (1) Exclusion, (2) Protection, 
(3) Eradication, (4) Immunization. Under the first of these he 
dealt with the necessity of suitable crop rotation, whereby the 
succession on the same land of crops subject to the same pest was 
avoided ; the advantages of reasonable separation when planting 
patches of such crops as bush fruit, in view of the possibility of 
epidemic outbreaks of disease ; and the need for care in the pur- 
chase of seed, bushes or fruit-tree stocks to avoid the introduction 
of disease. Mr. Gough emphasized the large extent to which 
nurseries and seed firms are involved in this question, and in pointing 
out that the grower deserves every assistance to obtain clean and 
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good material, he forediadovved the probability of legislation to 
deal with this aspect of the matter. „ - 

Under the heading of protection, the lecturer 'drew- attention to 
the necessity of proper watering and ventilation for crops \inder 
glass, and the advantages of spraying and of soil sterilization as 
an insurance against the attacks of insects, fungi, etc. 

It is difficult to draw a line between measures of protection 
and of eradication, and certain measures included by the lecturer 
under the latter heading apply equally to the former. Ibuler 
whatever heading they are included, they constitute some of the 
most important precepts of plant hygiene, and the danger was 
emphasized (1) of permitting the rubbish heap to become the 
manure heap, and thus the breediirg place of obnoxious plant pests, 
and (2) of feeding pigs and other animals on diseased food plants 
that had not been boiled. The lecturer pointed out that the passage 
of fungus spores unharmed, through the digestive syste m of animals, 
entailed their return to the land under conditions extremely favour- 
able to the vigorous recurrence of disease. 

Eeferring to the question of pruning, the lecturer urged its 
importance from the point of view of the removal of diseased wood, 
as welt as from the purely cultural standpoint, and pointed out that 
to prune away diseased material without also burning it was but 
labour in vain. Mr. Gough also spoke at some length on the value 
of contact and poison insecticides and of the winter washing of fruit 
trees. 

Of all matters relative to plant hygiene, the breeding of varieties 
immune from disease presents, perhaps, the largest field to the 
scientific investigator. The lecturer demonstrated by reference to 
those varieties of potato immune from wart disease that absolute 
immunity is an established fact ; he pointed out the desirability of 
breeding varieties of crops immune from all the diseases to which 
they are at present liable, and also of combining this general immu- 
nity with good cropping and feeding qualities. 

While it would be unwise to lose sight of the necessity of careful 
drainage, cultivation, manuring, etc., in the raising of healthy 
crops, attention to the measures outlined by Mr. Gough will be of 
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increasing benefit to the grower and. to the nation. — [Journal of 
the Ministry of Agriculture, March 1920.] 

# 

* * 

NEW SOURCE OF ALCOHOL. 


Much attention has been given in recent jears to the question 
of manufacturing alcohol within the Empire for use as motor spirit. 
In Vol. XVII, No. 3 (July- September 1919), of the Bulletin of the 
Imperial Institute, the possibility of utilizing the mowra {Bassia 
latijolia) flowers of India for the purpose is discussed. These 
flowers possess thick, juicy petals, rich in sugar. They are used 
by Indians as a. foodstuff and especially for the preparation by 
fermentation of an alcoholic liquor called daru or mohwa spirit. 
A single tree will yield as much as 200 -300 lb. of flowers in a year. 
The tree also produces a valuable oil-seed, which is exported in 
fairly large quantities to Europe. During the war the flowers were 
used in India for the production of acetone, the yield being said to 
be ten times as much as that obtained by distilling wood, which is 
the usual source of this substance. The demand for acetone in 
India in peace times, however, is not great, and large quantities of 
the flowers would be available for the manufacture of alcohol, and 
would appear to be an exceptionally cheap source of this material 
as the yield is high compared with that from potatoes and other 
materials commonly used, about 90 gallons of 96 per cent, alcohol 
being obtainable from one ton of dried flowers. It has been esti- 
mated that in the Hyderabad Staf.e alone there are already sufficient 
mourra trees for the production cf 700,000 gallons of proof spirit 
per annum, in addition to that ;hecessary for the local liquor 
requirements. 

It is suggested that the most profitable way of utilizing . the 
flowers would probably be as a source of mixed motor spirit of the 
“ natalite ” type for use in India. That motor spirit can be pro- 
duced on a manufacturing scale in India from mourra flowers has 
already been demonstrated, and it is stated that running trials with 
the spirit proved satisfactory. 
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SUGAR from the DOUGLAS FIR. 

Subpassing in strangeness any botanical discovery made in 
recent times is that of a new source of sugar in the leaves of the 
Douglas fir, which grows in certain confined portions of the dry 
belt of British Columbia. Professor John Davidson, F.L.S., 
F.B.S.E., of the University of British Columbia, spent much time 
in the dry belt region for the purpose of investigating the pheno- 
menon. He found that trees on southern and eastern exposures 
on gentle slopes in the dry belt region of British Columbia lying 
betw'een parallels 50 and 61, and longitude 121 to 122, chiefly 
yielded sugar. The trees which yielded were well apart, thus 
receiving a good supply of sunlight on their leaves, a more plentiful 
supply of sunlight on their roots, and having a better air circulation 
through them than trees in densely forested areas . — [Produclion 
and Export, April 1920.] 



PERSONAL NOTES, APPOINTMENTS AND TRANSFERS, 
MEETINGS AND CONFERENCES, ETC 


His Majesty the Kino-Emperor’s Birthday Honours List 
contains the following names which will be of interest to the Agri- 
cultural Department : — 

C,SJ, Mr. B. P. Standen, C.I.E., T.Q.S., CWmissioner, Central 
Provinces and Berar (sometime Director of Agri- 
culture, ('entral Provinces and Berar). 

C.I.E. Mr. C. M. Hutchinson, B.A., Imperial Agricultural 
Bacteriologist. 

Mr. AV. C. Renoup, LO.S., Political Agent, Bahawalpur 
Agency, Punjab (sometime Director of Agriculture, 
Punjab). 

♦ 

He ♦ 

Dr. E. J. Butler, M.B., F.L.S., Imperial Mycologist and 
Joint Director of the Agricultural Research Institute, Pusa, 
has been appointed substantively pro tempore to be Agricul- 
tural Adviser to the Government of India and Director of the 
Agi'icultural Research Institifte, Pusa, with effect from the 1st May, 
1920. 

He 

He He 

Mr. J. Mackenna, M.A., C.I.E., I.C.S., on leaving Simla to 
take up his appointment as Development Commissioner in Burma, 
resigned his appointment as President of the Indian Sugar Committee, 
with effect from the 26th April, 1920. Mr. F. Noyce, I.C.S., has 
been appointed to the Piesidency of ,the Coirmittee with effect 
from the same date. 
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Mr. W. Smith, Assistaat Director of Dairy Farms, Southern 
Circle, whose services have been placed at the disposal of the De- 
partment of Revenue and Agriculture, with effect from the 1st May, 
1920, is appointed Imperial Dairy Expert, with effect from the same 
date, in the Imperial Department of Agriculture in India. 

♦ 

He 

Mr. G. P. Hector, M.A., B.Sc., Officiating Imperial Economic 
Botanist, has been placed, with effect from the 1st May, 1920, in 
charge of the current duties of the Imperial Mvcoloffist, in addition 
to his own. 

♦ ♦ 

Mr. W. Wynne Sayer, B.A., has been appointed Supernume- 
rary Agriculturist, with effect from the 20th January, 1919. 

* 

4e 

Dr. J. N. Sen, M.A., F.C.S., Supernumerary Agricultural 
Chemist, has been appointed, with effect from the afternoon of the 
30th April, 1920, to act as Imperial Agricultural Chemist during 
the absence of Dr. W. H. Harrison on leave. ' 

♦ 

^ He 

Mr. N. V. JosHi, B.A., M.Sc., L.Ac., First Assistant to the 
Imperial Agricultural Bacteriologist, has been appointed, with 
effect from the 11th April, 1920, to act as Assistant Agricultural 
Bacteriologist, vice Mr. J. H. Walton, RA., appointed to officiate 
as Imperial Agricultural Bacteriologist. 

He 

He He 

Mr. a. L. Sheather, B.Sc., M.R.C.V.S., Director and First 
Bacteriologist, Imperial Bacteriological Laboratory, Muktesar, has 
been granted privilege leave for three months ind 24 days from 
the 17th April, 1920. 

He 

He He 

Mr. W. a. Pool, M.R.C.V.S., Of^. Second Bacteriolc^ist, has 
been placed in charge of the current duties of the Director and First 
Bacteriologist, in addition to his own, during the absence on leave 
of Mr, A. L. Sheather, with effect from the 17th April, 1920. 

7 
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Mb. a. C. Dobbs has been, appointed to be substantively jpro 
tempore Director of Agriculture, Bihar & Orissa, with efEect from 
the 6th January, 1920. 

♦ 

♦ :|e 

Thr services of Mr. G. Clarke, F.I.C., Agricultural Chemist to 
Government, United Provinces, and Officiating Principal of the 
A^cultural College, Cawnpore, are placed at the disposal of the 
Government of India, Department of Revenue and Agciculture, with 
efEect from the date he may be relieved of his present duties. 

♦ 

♦ He 

Mr. P. K. Dey, who has been appointed by His Majesty’s 
Secretary of State for India to the Indian Agricultural Service, has 
been appointed to be Plant Pathologist to Government, United 
Provinces, with efEect from the 1st March, 1920. 

* 

♦ * 

Mr. C. H. Parr, who has been appointed by His Majesty’s 
Secretary of State for India to the Indian Agricultural Service, 
has been appointed to be Deputy Director of Agriculture and to be 
in charge of cattle-breeding. United Provinces, with effect from the 
31st December, 1919. 

He 

He He 

On the completion of his training at Lyallpur, MaUk Sultan 
Ali has been posted 8is Deputy Director of Agriculture, 1st Circle, 
Gurdaspur, with effect from the 6th April, 1920. 

H! 

He He 

Mr. T. F. Quirke, M.R.C.V.S., Officer on special duty in 
the office of the Chief Superintendent, Civil Veterinary Depart* 
ment, Punjab, took charge of the duties of Officiating Chief 
Superintendent, Civil Veterinary Department, Punjab, with efEect 
from the afternoon of the 22nd March, 1920, relieving Colonel 
J. Farmer, C.I.E., F.R.C.V.S., who proceeded on combined leave. 

Ht 

He He 

Captain K. J, S. Dowland, M.R.C.V.S., Professor of* 
Sanitaiy Science, Punjab Vetezinaiy College, Lahore, assumed 
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charge of the duties of the Professor of Surgery, in addition to his 
own, on the afternoon of the 31st March, 1920, from which date 
Mr. E. Burke, Professor of Surgery, retired from Government 
service. 

♦ 

* * 

Mr. T. M. Doyle, M.R.C.V.S., has been appointed to the 
Indian Civil Veterinary Department, with effect from the 21st 
March, 1920, and is posted to the Government Cattle Farm, Hissar, 
Punjab. 

4 > 

Mr. G. McEllioott, M.R.C.V.S., has been appointed to the 
Indian Civil Veterinary Department, with effect from the 27th 
May, 1920, and is posted to Madras as Second Superintendent, Civil 
Veterinary Department in that Presidency. 

♦ 

* 4 : 

Mr. G. F. Keatinge, C.I.E., I.C.S., on return from leave, has 
been appointed Director of Agriculture and of Co-operative Socie- 
ties, Bombay, vice Dr. Harold H, Mann placed on special duty in 
the same office till the date of his departure on leave. 

* 

♦ * 

Dr. H. H. Mann is granted, with effect from the date of relief, 
combined leave for eight months. 

* 

He He 

Mr. T. F. Main, B.Sc., Deputy Director of Agriculture, Sind, 
has been allowed, by His Majesty’s Secretary of State for India, an 
extension of furlough for six months. 

* * 

Mr. T. Gilbert, B.A., Deputy Director of Agriculture, 
Southern Division, Bombay Presidency, has been allowed, with 
effect from the 1st May, 1920, the amount of privilege leave due 
to him combined with three months’ leave on urgent private 
affairs. 
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Bao RATnuB M. L. Kulkarni has been appointed to act as 
Deputy* Director of Agriculture, Southern Division, Bombay* Presi- 
dency, during the absence on leave of Mr. T. Gilbert, pending 
further orders. 

Mb. P. C. Patil, L.Ag., Deputy Director of Agriculture, 
Central Division, Bombay Presidency, has been allowed an exten- 
sion by two weeks of the privilege leave granted to him. 

* 

* * 

Me. K. Hewlett, O.B.E., M.R.C.V.S., has been allowed by 
His Majesty’s Secretary of State for India an extension of 
commuted furlough for four months. 

* 

* * 

On return from leave, Mr. G. Evans, M.A., C.I.E., Deputy 
Director of Agriculture, Central Provinces, is posted to the Northern 
Circle. 

♦ 

* « 

Mr. C. P. Maya Das, M.A., B.So., Assistant Director of Agri- 
culture, Central Provinces, is confirmed in his appointment, with 
effect from the 18th May, 1920, but will continue to officiate as 
Deputy Director of Agriculture, "Western Circle, Central Provinces. 

♦ * 

Mr. R. F. Stirling, who has been appointed by His Majesty’s 
Secretary of State for India to the Indian Civil Veterinary Depart- 
ment and posted to the Central Provinces, assumed charge as 
Second Superintendent, Civil Veterinary Department, Central 
Provinces, on the 8th April, 1920. 

Mr. a. MoKerral, M.A., B.So., Deputy Director of Agricul- 
ture, Burma, has been granted privilege leave for six months, with 
effect from the 1st Jxme, 1920, or the subsequent date on which 
he may avail himself of it. 
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Col. G. H. Evans, C.I.E., C.B.E., M.E.C.V.S., Superintendent^ 
Civil Veterinary Department, Burma, made over and Mr. T. Rennie, 
M.R.C.V.S., received charge of the duties of Second Superintendent, 
Civil Veterinary Department, Burma, on the 16th April, 1920. He 
also made over charge of the office of Third Superintendent to 
Mr. C. J. N. Cameron on 17th May, 1920. 



Reviews 


Notes on Improved Methods of Cane Cultivation. — By Gr. Clabke,F.I.C., 
Naib Hussain and S. C. Banebjbe, Department of Land 
Records and Agriculture, United Provinces; 1919, pp. 23+10 
plates. (Allahabad: Grovemment Press.) 

This little volume records the results obtained at the Sugarcane 
Research Station, Shahjahanpur, where a large number of canes 
have been under trial for several years. The possibilities of intensive 
cultivation of improved sugarcane, selected to suit local conditions, 
have been dealt with at some length, and can easily be measured 
by the average yield of about 100 maunds of gur per acre obtained 
at the station over a number of years, as against 32‘6 maunds, the 
average yield in the United Provinces in 1916-17, from deshi canes 
by the ordinary methods of cultivation. Besides better preparation 
of the land and the adoption of suitable methods of moisture conser- 
vation and soil aeration, the authors advocate the sowing of sugar- 
cane in trenches 2 feet wide and 4 feet from centre to centre as the 
most suitable for thick and medium canes both as’ regards germina- 
tion and yield per acre. To obtain a good crop by these methods of 
cultivation, manure containing 120 to 160 lb. of nitrogen (equivalent 
to about 36 to 40 maunds of castor cake) is however required. This 
is the heaviest item of expenditure involved, but it is definitely 
stated that a handsome return has always been obtained. The 
effect of liberally manuring the cane is not confined to that crop 
alone : the residual nitrogen and the deep cultivation of the trenches 
effect a striking increase in the yield of wheat or other crops followed 
by sugarcane, and, to cite an instance, in the harvest of the 1919 raU 
brop, 36j maunds per acre of Pusa 12 wheat were obtained over a 

( 474 ) 
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field of 3 1 acres, with one irrigation only. The precedii^ crop was 
Mauritius sugarcane, which yielded 948 maunds per acre or nearly 
three times the ordinary yield of indigenous varieties. 

The intensive methods of cultivation have not, however, been 
so profitable with the deshi canes. Trials have shown that “ heavy 
manuring with nitrogenous manure generally gives rise with deshi 
varieties to excessive vegetative growth without a proportionate 
formation of sucrose or crystalline cane sugar and, moreover, 
delays the ripening beyond the time when crushing operations 
are possible.” The potentialities of even the best deshi canes 
in this part of the United Provinces appear to be very limited, 
but with deeper ploughing, application of small quantities ot 
manure and growing pure races, the outturn can be appreciably 
increased. 

The advantages of using small power mills, in places where 
central factories do not exist, are also clearly dealt with, and the 
rotation of crops followed at the Research Station is explained. 

There can be no two opinions of the vital interest and importance 
of the problem of increasing the yield of sugarcane at the present 
time when the prices of both raw and refined si^ar are ruling so 
high. The world’s demand for sugar is continuously increasing, 
while its production by extension of area is not showing prospects 
of equal increase. The best solutions of the vexed problem of 
meeting the increasing demand for it seem, therefore, to lie in 
increasing the yield per acre by better varieties and intensive 
methods of cultivation, conducted with scientific skill and care, 
and by improved processes of manufacture. The United Provinces 
command about half the total area under sugarcane in British India, 
and there is a wide scope for introducing the improvements recom- 
mended by the authors of this volume, especially as it may now be 
safely assumed that at no time in the near future is the supply of 
gur or sugar likely to overtake the demand and that high prices are 
bound to prevail for many years to come, with a correspondingly 
good margin of profit to the cultivator. The successful adoption 
of the methods, with regard to improved canes, is, however, depen- 
dent on iirigational facilities, capital and intelligent supervision. 
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and will probably prove beyond the means of the ordinary cultivator ; 
but we hope that the wealthier cultivators and zemindars of the 
provinces will seriously consider the possibilities and will take the 
lead in bringing about these improvements which will also 
ultimately raise the standard of agricultural practice of the 
country. [Editor.] 

* 

« * 

Agricultural Statistics of India, 1917-18, Vol. 1. Pp. 321-|-2 
maps 4-9 charts. (Calcutta : Superintendent, Govt. Printing, 
India.) Price Bs. 2. 

This annual volume is the thirty-fourth of the series started 
in 1886 with statistics for 1884-86, and has just been issued by the 
Department of Statistics, India. It deals with the figures relating 
to British India only, and, like its preceding issues, is a source of 
varieties of useful information for all who take an interest in agri- 
cultural questions. Statistics are usually stale ; nevertheless, a 
Study of this volume will be profitable to many. 

The actual area dealt with in this volume is 617,607,000 acres. 
After allowing for forests, buildings, water, roads, etc., we find 
that a balance of 387,799,000 acres or 63 per cent, remained available 
for cultivation, but the net area actually cropped during the year 
was 227,848,000 acres or 37 per cent, of the total area as against 
229,620,000 acres in the preceding year, a decrease of 0*8 per cent. 
If areas cropped more than once are taken as separate areas for 
each crop, the gross area cropped in the year amounts to 264,817,000 
acres. The area under food grains showed a decrease of 1,336,000. 
and that imder oil-seeds of 627,000 acres as compared with the 
preceding year. There was an increase of 386,000 acres under 
sugarcane and of 1,666,000 acres under cotton, attributed chiefi.y 
to the stimulus of h^h prices obtained in the preceding year. 

While it is admitted that the Indian figures of area are hard to 
beat in the matter of accuracy, the same, unfortunately, cannot be 
said of the figures of average and total yields. The importance of 
accurate agcicultural statistics is, however, fully reali^d by the 
Departments of Agriculture and Statistics, and the whole questkoi 



&EV1EWS 


477 


received careful consideration of the Board of Agriculture in India 
held in December 1919, at which the Department of Statistics was 
represented by its Director. Efforts are being made to arrive at 
more reliable figures of yields and it may be reasonably expected 
that, as time goes on, they will become more and more accurate. 
[Editor.] 



NEW BOOKS 


ON AGRICULTURE AND ALLIED SUBJECTS 


1. A Student’s Book on Soils and Manures, by Dr. E. J. Russell. 

Second Edition, revised and enlarged. (The Cambridge 
Farm Institute Series.) Pp. xii-f240. (Cambridge : At 
the University Press.) Price 6s. Gd. net. 

2. The Fauna of British India, including Ceylon and Burma. 

Coleoptera. Chrysomelidae (Hispinae and Cassidinae), by 
Prof. S. Maulik. Pp. xi4-439. (London : Taylor and 
Francis.) Price 1 guinea. 

3. Chemical Fertilizers, by S. Hoare Collins. Pp. xii+273. 

(London : Bailli(ire, Tindall and Cox.) Price 10s. 6d. 

4. Productive Sheep Husbandry, by W. C. Coffey. Pp. x+479. 

(Philadelphia and London : J. B. Lippincott Company.) 
Price 10s. 6d. net ; post free, United Kingdom and abroad, 
11s. 3d. 

5. Botany for Agiicultural Students, by John C. Martin. Pp. 

x+585. (New York : John Wiley & Sons, Inc. ; London : 
Chapman & Hall, Ltd.) Price 12s. 6d. net ; post free. 
United Kingdom, 13s. ; abroad 13s. 6d. 

6. Mining and Manufacture of Fertilizing Materials and their 

Relation to Soils, by Strauss L. Lloyd. Pp. vi-j-163. 
(New York : D. van Nostrand Company ; London : Crosby, 
Lockwood & Son.) Price 9s. net ; post free. United 
Kingdom and abroad, 9s. 4d. 

7. Fossil Plants : A Text-book for Students of Botany and Geology, 

by Prof. A. C. Seward, Vol. IV : Ginkgoales, Coniferales, 
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Gnetales. (Cambridge Biological Series.) Pp. xiv+643. 
(Cambridge : At the University Press.) Price I guinea 
net. 

8. Bacteriology and Mycology of Foods, by Dr. Fred "Wilbur 

Tanner. Pp. vi+692+10 plates. (New York : John Wiley 
& Sons, Inc. ; London : Chapman and Hall, Ltd.) Price 
285. net. 

9. Food : Its Composition and Preparation. A Text-book for 

Classes in Household Science, by Mary T. Dowd and Jean 
D. Jameson. (The Wiley Technical Series.) Pp. viii+173. 
(New York : John Wiley and Sons, Inc. ; London : Chapman 
and Hall, Ltd.) Price 65. net. 

10. Chemistry and its Mysteries : The Story of What Things are 

Made of. Told in Simple Language, by Charles R. Gibson. 
(Science for Children.) Pp. 246. (London : Seeley, Service 
Co., Ltd.) Price 4s. 6d. net. 

11. A Manual of Elementary Zoology ; by L. A. Boiradaile. Third 

edition. Pp. xviii-l-616+xxi plates. (London : Henry 
Frowde and Hodder and Stoughton.) Price 18s. 

12. Essays on Wheat, by Prof. A. H. R. Buller. Pp. xv-j-339. 

(New York : The Macmillan Co. ; London ; Macmillan &Co., 
Ltd.) Price 2'50 dollars. 

The following publications have been issued by the Imperial 
Department of Agriculture in India since our last issue 

1. A Note on the Treatment of Surra in Camels by Intravenous 

Injections of Tartar Emetic, by H. E. Cross, M.R.C.'V.S., 
D. V. H., A.Sc. (Bulletin No. 95.) Price, As. 2. 

2. Motor Tractors at Lincoln Trials, September, 1919. Free. 




POBLICATION8 OF THE IMPEEIAL DEPART 
MENT OF AGRICDLTDRE IN INDIA 


TO BB HAD FROM 

The Office of the Aqbioultdral Adviser to the Government of India, Pdba. Bihar, 

and from the following Agents 

(1) THACKER, SPINK & 00., Calcutta. (7) THACKER & CO., LTD., Bombay. 

(2) W. NEWMAN & 00., Calcutta. (8) SUNDER PANDURANG, Bombay. 

(.3) Rai M. C. SARKAR BAHADUR k (9) Rai Sahib M. GULAB SINGH &; 

SONS, Calcutta. SONS, Lahore. 

(4) HIGGINBOTHAMS, LTD., Madras. (10) MANAGER, EDUCATIONAL BOOK 

(6) THOMPSON A CO., Madras. DEPOT. Nagpur. 

(6) D. B. TARAPORBVALA, SONS A 

CO., Bombay. 

A complete list of the publications of the Imperial Department of 
Agriculture in India can be obtained on application from the 
Agricultural Adviser to the Government of India, Pusa, Bihar, or 
from any of the above-mentioned Agents. 

These publications are 

1. The Agricultural Journal of India, A Journal dealing with subjects connected with 
agricultural economics, field and garden crops, economic plants and fruits, soils, manures, 
methods of cultivation, irrigation, climatic conditions, insect pests, fiingns diseases, 
co-operative credit, agricultural cattle, farm implements, and other agricultural matters 
in India. Illustrations, including coloured plates, form a prominent feature of the .Journal. 
It is edited by the Agricultural Adviser to the Government of India, and is issued once 
every two months or six times a year. Annual Subscription, Rs. 6 or 9#. fid., including 
postage. Single copy, R. 1-8 or 2a. 

2. Scientific Reports of the Agricultural Research Institute, Pusa (including the Report of 
the Imperial Cotton Specialist). 

3. Annual Report on the Progress of Agriculture in India. 

4. Proceedings of the Board of Agriculture in India. 

5. Proceedings of Sectional Meetings of the Board of Agriculture. 

6. Memoirs of the Imperial Department of Agriculture in India : 

(a) Botanical Series, 

(b) Chemical Series. 

(c) Entomological Series, 

(d) Bacteriological Series. 

(e) Veterinary Series. 

7. Bulletins issued by the Agricultural Research Institute, Pusa. 

8. Books. 

The following aro the publications of the last two years : — 

Scientific Reports of the Agricultural Research Institute and College, Pusa (including the 
Report of the Imperial Cotton Specialist), for the year 1917-18. Price, R. 1-4 or 2s, 

Scientific Reports of the Agricultural Research Institute, Pusa (including the Report of the 
Imperial Gotten Speoi^ist), for the year 1918-19. Price, R. 1-4 or 2a. 
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SOME COMMON INDIAN BIRDS. 

No. r>. THE (J()IJ)EN-B.\CKEI) WOODPECKER {BRACHYPTERNUS 

AURANTIVS). 


BY 


T. BATNBRIftGE FLETCHER, R.N., P.L.S., F.E.S., F.Z.S., 

Imperial Entomologist ; 

AND 

C. M. INGLIS, F.Z.S., M.B.O.U. 

Many of the roads on the Pusa Estat^e being well bordered by 
trees, it is a common experience to hear the quickly-repeated tap- 
ping sound of a woodpecker as it digs away with its beak at a branch 
in which it has perceived the presence of some wood-boring insect. 
If the noise is traced to its source, it will usually be found to origi- 
nate from a medium-sized bird coloured in black and golden-yellow 
and with a bright crimson crest, which may be seen clinging to the 
bark with its powerful claws, supported by its short stiff tail, and 
hammering away with its short, stout, chisel-like bill. This bird is 
the Golden-backed Woodpecker {Brachyptemm aurantim), which is 
common throughout India and Ceylon, from Sind and the Punjab to 
Eastern Bengal, ascending the hills to about three or four thousand 
feet, but not apparently known from Upper Assam or Burma or in 
the Duars. It is generally seen singly or in pairs and often one may 
be seen following the other from tree to tree. In Ceylon it is 

( ^81 ) . 1 
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accompaDied by tbo Ked-backed Woodpecker {B. eryfhronotm), which, 
as its name implies, is distingnislied by liaving its back crimson, 
whereas in B. auraniws tlie back is golden-yellow or orange. Where 
both species occur together, it is probable that they hybridize 
occasionally. As regards other species of woodpeckers with which 
this one may be confused, the Common Golden-backed Three-toed 
Woodpecker {Tifja javawvais) is extremely like this bird and only 
markedly differs in n anting the hallux (inner hind toe). Tickell’s 
Golden-biicked WoodjXH-ker {Clirysocolaptes (jutf.icnsfafvs) has also a 
very similar coloration but on account of its very much larger size is 
less likely to be mistaken for B. aurcmlins than is Ti(ja jaranemis. 

The Goldoi-backed AVoodf)ecker is an extremely handsome bird, 
which Dewar briefly describes as having a bright, crimson crest, 
top of head black, sides of head white with a number of black lines 
and streaks, u])per back- gokhm-yellow, low’cr back ami tail black, 
wings black and golden-} <‘lloAv with soim* wdiite spots. The female 
differs from the male in having the top of the head black with small 
white triangular spots ; it is shown pee])ing ai'ound the tree in our 
Plate. Unfortunately, like the Indian Kolle]', its voice is not in 
harmony with its plumage, its call, which is often uttered on the 
wdng, being a loud harsh scream, like the Roller also, it is rather a 
noisy bird. 

Like all W'ood])eckers, it is an extremely skilful climber, seldom 
or never perching crosswds(> on a branch but clingiijg, always with 
the tail dow'invard, to the stems and branches of trees, wdiich it 
usually ascends and descends diagonally. The flight is undulating. 
Tt is seldom seen on tlu' ground but occasionally descends to feed on 
ants which seem to form an ap]ireciable pro})ortion of its normal 
food, this C07isisting almost entirely of insects, largely ants varied 
w'ith numerous small beetles, caterpillars and bugs, to which buds 
and fruits may occasionally be added. The late C. W. Mason ex- 
amined the. stomachs of sixteen birds throughout the year at Pusa 
and found 3.021 insects of which the great majority were ants, and 
if, is notable that only one of these sixteen birds was found to contain 
longicorn beetle larvae, although observation renders it certain that 
this bird does feed to some extent on wood-boring insects, which its 
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long, worm-like, extensile tongue, armed with a many-barhed horny 
tip, is so admirably fitted to extract from their burrows after these 
have been laid open by the vigorous blows of the sirong chisel-like 
beak. In Eastern Bengal it is stated to feed on the larva' and 
pupaJ of Hoploceramhyx spinicornis, a longicorn borer pest of sal 
(Shorea rohv'sta), and in Madras it is stated to be very partial to 
toddy-palms, which may be due to the fact that these trees are 
infested by Oryctes rhinoceros and Jilujnehophorus jerrntjincvs. At 
Pusa many of the dead sissn branches, at which one sees this wood- 
pecker tapping away, are inf('sted with a tree-living termite 
{Coftolermes and, although Mr. Mason’s stomach-records do 

not support this, it is probable that this termite may provide a certain 
proportion of its food. As is the case with so many of our common 
Indian birds, it is wonderful how little we really know about its 
daily life. However, from the little we do know, we are justified in 
counting the Golden-backed AVoodpecker, with all its kindred, 
amongst the farmer’s friends. 

Like other woodpeckers it nests in a hole in a tree, often in a 
mango tree in Northern India. ; in Bihar nests have been found in 
mango, litchi. sissn and siris trees. In the Southern part of its range 
it breeds from Feluuary to June but in the Nortlu'rn part it l>reeds 
from March to July, coxirtship being of a rather rough and ready 
fashion, punctuated by harsh screams. The glossy white (delicate 
salmon-pink when fresh and unblown) eggs, usually three in number, 
measuring about 28 millimetres long by 20 broad, are laid in a hole 
excavated in a tree by the parents or more frequently in a natural 
cavity to which merely an entrance has been nxade by the birds. 
Dewar states that •“ woodpeckers seem to excavate a new nest every 
year,” but we are not aware how far this is the case. Woodpeckers, 
however, are very apt to desert any nest-hole that has been uiterfe^ed 
with at all. We have many times found them to do this even when 
no chipping was done to enlarge the hole, the only interference 
being by means of a thin twig. Sometimes also they only partly 
excavate a hole and then leave it for another site. The nest-hole is 
about two and a half to three and a half inches in diameter and 
usually runs in horizontally for about three to six inches and then 
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turns downwards. When the downward shaft is bored by the bird 
it is rarely more than eight or nine inches deep with a chamber of 
some five or six inches in diameter, but when the bird cuts into a 
natural cavity in the tree the egg may be found two or three feet 
below the entrance. No regular nest is formed, the eggs being 
laid on a few chips of wood. The young, when first hatched, are 
naked but assume the sexual coloration with the first feathers. If 
caught young, they may be trained to a diet of “ saUoo ” with 
some soft fruit and occasionally some insects. 

In Bengal, Burma, Madras. Bombay and Assam this bird is 
protected by law throughout the whole year 


For t lio purpose of Miese jiapers J have used for t Ins bird the s])eeifie name (turavtins 
j^iven in tlie Fauna af India volume. eorieet name is, bowevei, a])]»arenlly hcniiJath nsis 

under wlneli natiie Jt was fiist d(‘serihe(l by Linmeus in the tenth edition ol the Si/sUana Katin ae 
(ITTiS; ])[). 1115-114), in winch there is no mention of any s])eei(‘s nndc'V the name nniantiuft. 
The Fauna volume cpiotcs tbe tv/(‘lf(h edition (I7h(») as the authority f(»r auraulim and heu(ja\- 
cu'tis ; T have lUJt had aeei'ss t(» this edh. ui, but in tlu‘ thiiteenth edition, edited by Cnn’lin in 
17SH, this binl is ndern'd to (Vol 1, ]»p. 4,*h‘5— t‘U) under the name wlnlst Firui^ 

innanfiu'i is leeorded from the ftajie of (Jood Hope (/.r., p. VM)). Not bi'imr an (»rnilho](»^ast 
and not liaving access to the necessary literature, I do not projiose to do more than point out 
that hinajhil(!nsi<i, Linn. (1758) is a])])arently the eorieid name for the (lolden-brndvcd Wood- 
])ecker.— T. 11. K. ) 



THE EGYPTIAN COTTON PROBLEM. 

A REPORT TO TJIE EGYPTIAN GOVERNMENT. 


BY 

H. MARTIN LEAKE, M A., F.L.S.. 

Director of Agriculture, United Provmccs. 

In November 1918, I received an invitation to visit Egy])t. to 
report on the steps to be taken by the Government of that country 
for the maintenance and improvement- of the quality of Egyi)tian 
cotton and the increase of its yield. I visited the country on my 
way home i)i the spring of 1919 for the purpose of makiiig preliminary 
enquiries and, on my return journey, spent some three months 
during the cotton season in the cotton-growing distiicts. 

The results of my enquiry are embodied in the report here 
published. In many respects, economic, practical and sc-icjitific. 
the problems encountered in the growing of cotton in Egypt are 
fundamentally different from the problems presented in Ljdia. 
Nevertheless there are points of similarity and it is j)ossiblc that 
the report may be of some small value to those interested in the 
Indian problem ; I am indebted to the Egyptian Government for 
permission to publish it in this Journal. 

I cannot let pass the opportunity which here presents it sc* If 
of expressing my great indebtedness to all those persons with whom 
I came into contact in the course of my visit and enqiiiry, especially 
to Mr. J. Langley, Under Secretary of State for Agriculture, and to 
Mr. E. Shearer, who is known to many of the members of the 
Agricultural Service of this country as a former member, for their 
unfailing courtesy and ever ready assistance. 
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Introduction. 

In letter No. 383- 4-1-3, dated the 19th May, 1919, of the 
Ministry of Agriculture, I was asked to present a report embodying 
my “ recommendations with a view to the maintenance and improve- 
ment of the quality of Egyptian cotton and the increase o^ its yield.” 
The existing qualities are definite and possess a material extant 
physical basis. The question of their maintenance, thus, offers 
a definite concrete problem. The same is the case with the question 
of yield ; and the improvement of the yield consists in the very 
definite and material fact of an addition to the return obtained 
from the acre or Jeddan* No such definiteness attaches to the 
third problem laid before me, that of the improvement of quality. 
Quality is a relative teim and the nature of quality, good or bad, 
depends on the use to which the material in question is put. Those 
uses may vary from time to time and it is necessary, therefore, to 
study these uses and to foini an idea of the probable tendencies in 
what we may term the economic aspect before it is possible to 
decide what will constitute an improvement. 

There are, in fact, two directions from which a problem such 
as is presented by cotton production may be approached. We may 
ignore, for the time being, the economic, and concentrate on the 
agricultural aspect. In so doing, we should concentrate on the 
biological and physical problems involved, on the biological side, 
endeavour to ascertain that plant which will give the maYimuTn 
return under the uncontrollable conditions of the environment, 
and on the physical side, attempt so to modify the controllable 
conditions of that environment, that the plant which we have 
chosen may develop to the full. Or we may commence with the 
study of the economic aspect, endeavour to ascertain the uses to 
which the raw product is put and the characteristics which give to 
that raw product its commercial value ; to form an idea of what 
characteristics are most desirable in as far as their possession is 
likely to increase the value of the raw material which possesses them 
and, having arrived, as far as may be, at a definite conclusion on 


* 1 Feddansz 5,02^ sq. yard»l*04 acre. 
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this matter, we may attempt to arrive at that standard by means 
of biological investigation. 

The former method assumes an adaptability in the market for 
the raw material which must be practically unlimited. Tliis assump- 
tion may be true, or almost true, of certain agricultural products 
and in such cases the method may be safely adopted. It is in no 
sense, however, true of the cotton industry which is built up of a 
number of very specialized sections the raw material of one of which 
is unsuited, or even totally useless, for the purpose of another. 
This method is here, therefore, inapplicable and we are forced back 
on a study of the economic side of the question if we are to discover 
the fundamental conditions on which it will be possible to build 
a sound superstructure of biological investigation. My own personal 
experience has hitherto been restricted to the so-called short 
staple cottons of which the underlying economic conditions are 
fundamentally different from those of the Egyptian cotton, and J 
have, therefore, devoted some time and trouble during my stay in 
England in visiting Lancashire and investigating the economic 
aspect of Egyptian cotton. Such an investigation is essential 
to a correct formulation of those recommendations wdiich are the more 
immediate object of my mission. 1 propose to commcjicc the report 
by formulating the results of that investigation. Such procedure will 
simplify the expression of subsequent reconuneudations inasmuch 
as it will indicate the objective to which they are directed. 

I. 

The most prominent feature of the cotton industry, even in 
that strictly limited section which makes use of Egyptian cotton, 
is its diversity. Even among the spinners of Egyptian cotton are 
to be found users who have specialized on certain classes and who 
prefer those classes to any others. In many cases they may, and 
do, use other classes but such use is definitely a substitution use, 
dependent on such questions as limitation of supply or relative 
price, and is not willingly adopted. There is thus a definite, 
and natural, conservatism in the trade which opposes free inter- 
change between classes even when such interchange is practicable. 
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The problem of Egyptian cotton is, therefore, not a simple one ; it 
is, on the contrary, a complex of problems. The unit is a single 
class which, tmder normal conditions, meets a particular demand. 
The value of that class is, to a certain extent, determined by the 
relation between supply and demand within the class itself and is, in 
part only, subject to the influence of the relation between total 
supply and total demand. It may actiially occur that the spinner 
will pay less for an intrinsically superior cotton, in the sense that 
it will spin finer yam, than for an inferior one. 

We have here, I think, the first consideration that must be 
clearly borne in mind when approaching the problem from the pro- 
ducers ’ standpoint. Production is, and must continue to be, diverse. 
Not only so, but the various classes require to be produced in quanti- 
ties approximating to the relative demand. Only so will the full 
intrinsic value for any particular class be realized. The argument 
applies equally to the lower, as to the higher, qualities ; ove-produc- 
tion within the class leads to a low, while under-production leads 
to a high, price. The step from over-, to under-, production is, 
fortunately, sufficiently large owing to the flexibility of the market 
and this flexibility we must now consider a little more in detail. 

The substitution of superior quality cotton to do the work of 
inferior can, naturally, be more readily adopted than the reverse 
process. The market, therefore, shows greatest flexibility in this 
direction. But such substitution will only take place, in the absence 
of any large shortage in total supply, when the price of the superior 
quality renders the proposition a paying one financially. Such 
conditions only hold good when the price of superior quality is 
relatively low or, in other words, when the superior quality is fetching 
less than its intrinsic value. Such a condition implies a definite 
loss to the producer. In a country like Egypt, which possesses a 
monopoly in the production of certain classes of cotton, this probably 
implies a considerable total loss since the reduction in price aflects 
the entire outturn of the superior quality and not merely that portion 
which is used as a substitute. The rapidity with which Sakel has 
replaced other forms in cultivation in Lower Egypt affords an 
instance of this phenomenon. There is no doubt in' my mind that 
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the production of Sakel is far in excess of the demand for the manu- 
facture of those types of thread for which it is peculiarly adapted. 
Its use has, therefore, been extended to other lines for which it is 
not so pre-eminently suited and such extension has been effected 
at the expense of the producer in as far as Sakel is worth less per unit 
than it would be were only sufficient available to meet the needs of 
that market which requires the qualities peculiar to Sakel. The 
present demand is, in ffict, a forced one due to the fact that, even at 
the depreciated price, the money return for the unit area of produc- 
tion is greater than that given by any other fonn. 

That, however, is an illustration of one form of market flexibility 
merely. There is another, and more subtle, one the effects of 
which are harder to diagnose and still more difficult to foresee. 
I may illustrate this again by reference to Sakel. It was pointed 
out to me that the large increase in the consumption of Sakel 
coincided with the enormous development in the production of voiles, 
for the manufacture of which it is pre eminently suited ; it would 
appear, therefore, that, but for this coincident development, of a 
demand and of a means of meeting that demand, the price of Sakel 
would be lower than it is. We must, howevei*, be careful to dis- 
tinguish between cause and effect here. There appears to bo little 
doubt that the sudden supply of a class of cotton particularly 
adapted to the manufacture of voiles is, in itself, in large measure, 
responsible for the demand which has arisen for that class of cloth. 
The demand for that material is largely artificial, depending as it 
does on fashions, and is capable of stimulation or the reverse, 
and it would appear that the power of directing the demand in 
such matters lies largely in the hands of the cotton trade. This 
form of flexibility is all to the good, for it means that the trade is in 
a position, to a certain extent, to test the qualities of any new 
form of cotton, to ascertain the classes of goods for which it is parti- 
cularly suited and to stimulate the demand for that class of goods. 
We must, however, beware of pressing the possibilities in this direc- 
tion too far. Cotton is not merely the basis of goods which have an 
artificial value due to fashions. In many cases the use to which the 
cloth is to be put will dictate, within very close limits, the qualities 
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that the cotton must possess. Notably we may instance the cloth 
which is used for aeroplanes and for motor tyres. Here no such 
flexibility is possible, for the demand is, in no sense, artificial. This 
case is particularly pertinent in the case of Egyptian cotton, for it is 
Egyptian cotton which has been found to satisfy this demand more 
nearly than any other. 

This brings us to our second conclusion; the production of 
new cottons is desirable and the trade is sufficiently flexible to 
absorb and develop markets for them. But caution must be exer- 
cised in their introduction. An initial high price obtained for a 
small initial bulk may be due to special adaptability for the produc- 
tion of a particular class of goods the demand for which is small. 
If that high price stimulates largely increased production the price 
will fall even to make cultivation unprofitable. Especially is it 
necessary to distinguish between cottons which possess an intrinsic, 
and those which possess an artificial, value. The former require 
special care in maintenance. 

So far we have confined ourselves to the broad issues as indi- 
cated by the characteristics of the trade in general. When we come 
to a more detailed consideration of the process of manufacture we 
find a new series of phenomena have to be considered. We need not 
here go into all the characteristics which go to make up a good 
spinning cotton. We have seen that diversity is essential to the 
trade ; that it is desirable to produce different classes of cottons. 
The difference between these classes will, however, include most of 
those characteristics, such as length, strength, fineness, etc., which 
affect the behaviour of the cotton in the mill and the particular 
features of any class will be due to the exact form such character- 
istics take in that class. But beyond this, the spinner requires 
something more, something which is not a physical character of the 
cotton itself in the sense in which length, or strength, or fineness, 
or twist can be considered such. He requires what is usually known 
as uniformity ; that is, a low range of variability in each one of those 
characters which go to make up the spinning value of a cotton. 

Herein is to be found the third consideration to which we are 
led by our inquiry from the manufacturers’ point of view. While 
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diversity of class is required, uniformity within the class is of equal 
importance. 

The value of cotton is dependent, however, on other character- 
istics than those which affect its behaviour in the mill, and the more 
important of these is colour. The importance of colour lies in the 
fact that Egyptian cotton, till .recently, possessed a characteristic 
brown colour by which it was distinguishable at a glance from 
other cottons. The point was recognized by the trade and the 
colour imparted to the cloth was accepted as a ready means of deter- 
mining the fulfilment of contracts the specification for which included 
the use of Egyptian cotton. Such a ready method is valuable and 
there exists a natural conservatism in favour of the retention of 
that colour character. Colour has, however, no further significance. 
A premium will, for a time no doubt, be paid for colour owing 
to the lag which finds its basis in such conservatism. But here, 
again, the market is flexible and is capable of adaptation to the 
supply. 

I have so far dealt with the trade aspect of Egyptian cotton 
in its present day form. It is, as must be the case with any highly 
organized manufacture involving highly specialized mechanical 
adaptations, very conservative. When, however, we are concerned 
with problems the solution of which may take years to accomplish, 
it is desirable to attempt, however imperfectly, to forecast the 
probable future demand. Such an attempt I have been at some 
pains to make during my visit to Manchester. The problem is 
complex and it is impossible to dogmatise. Nevertheless there 
appears to be a distinct opinion as to the general trend of this demand. 
This I will attempt to outline. 

The complexity arises from two considerations. In the first 
place the trade is, as we have seen, so highly specialized that prices 
are affected by the relation of supply to demand within the class, 
and it is not possible to deal with the Egyptian crop as an entity. 
We must go lower than this to find the unit. Secondly, the monopoly 
which Egypt has hitherto possessed as the sole producer of special 
classes of cotton is gradually passing. Recently cottons which 
possess the characteristics of Egyptian have been produced in the 
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dry zones of America. Mesopotamia, again, and possibly Sind 
offer fields which may develop into rivals of Egypt. The monopolist 
position is, thus, already threatened and there is little doubt that 
it will at no distant date cease to exist. Such widening of the source 
of supply must inevitably affect the balance which now exists 
between the various classes of Egyptian cotton. 

I may also refer to yet another aspect of the cotton trade 
which is likely to have a bearing on the future demand. Egyptian 
cotton ranks second among the world’s cottons and is only surpassed 
by the so-called Sea Island, the main source of which is certain 
of the Southern States of America and the West Indies. The Sea 
Island crop is what is known as a highly speculative one ; it has a 
narrow basis in that its cultivation is restricted to a relatively 
small tract and, from economic, as well as natural, causes, the 
supply is a precarious one. Not only is it more troublesome to 
cultivate, so that the extra price barely compensates for the extra 
labour and expense involved in the cultivation, but that cultivation 
is restricted to the more humid and tropical tracts in which the 
risk of sudden loss through pests and diseases is greatly enhanced. 
The margin of profit is, thus, insufficient to compensate for the extra 
risks involved, and the tendency is for the cultivation to diminish. 

These facts all have their bearing on the Egyptian problem 
and, while they indicate an increasing competition from outside 
sources in the markets for the present standards of Egyptian cotton, 
they also indicate a probable reduction in the supply of Sea Island. 
The conclusion, it is true, is highly speculative but the tendency 
is there and is sufficiently clear to justify the attempt to develop a 
cotton which will be capable of taking the place of Sea Island in the 
future. 

From the point of view of demand for goods manufactured 
from the higher grades of cotton I have found the opinion widely 
held that this demand is large though, at the present time, mainly 
potential. It is a demand capable of absorbing any amount of the 
best staple cotton Egypt is likely to be in a position to offer, 
and of absorbing it at its full relative value. In other words, the 
trade is sufficiently flexible to develop a demand equal to any 
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supply that can be. offered. That this opinion is correct cannot, I 
think, be doubted, but it requires to be qualified in certain 
directions if the interests of the grower and dealer in raw cotton 
are to be adequately guarded. 

The opinion has been expressed in the course of discussions 
on this subject that the facts do not support this view of the poten- 
tial demand. It has been instanced that a short crop of Mit 
Affifi in one year has led to the realization of a high relative price 
for that season’s produce and that that price has reacted in the 
following year in a largely increased crop which, in its turn, has 
resulted in a heavily depreciated price. That experience is, no 
doubt, true ; but it hardly justifies the conclusion which some 
would attempt to draw from it. It has already been pointed out 
that, owing to specialization in machinery and also to the necessity 
for experience in working a particular cotton if the best results 
are to be obtained from it, spinners are, as a rule, conservative. 
They will pay a premium for a class to which they are accustomed 
rather than change to another class, if the shortage which is re, spon- 
sible for that premium is of a temporary, nature. The spinner, 
at least, knows what he can do with that cotton and his loss is, at 
most, limited to the amount of the premium he has to pay. The 
loss with a new cotton is less definite depending, as it does, on the 
speed with which he attains familiarity with its peculiarities in 
working. There is, thus, a definite time factor in such arguments 
the effect and importance of which must not be overlooked. 

Before willingly making any change in his raw material, and 
this is merely another way of saying before ho will overcome his 
natural conservatism, the spinner requires to be assured that the 
produce to which he turns will be available in sufficient and regular 
supply. Without such assurance, he will only accept the alter- 
native under compulsion. For like reasons new plant, such as 
is required, to meet the expanding needs of the industry, whether 
as extensions to existing factories or as new ones, will be adapted 
to handle the most assured supply capable of producing that class 
of goods for which the factory is designed. There is, consequently, 
a lag in the process of adjustment, an interval between the placing 
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of any new class of cotton on the market and the realization of its 
full intrinsic value, partly, no doubt, due to the fact that it takes 
time for the particular merits to be appreciated but, also, very 
largely due to ignorance of the potential supply. It is true that 
cases are on record of an immediate and rapid extension of the 
supply of a new class of cotton ; this is true of Sakel, but such exten- 
sion here takes place in spite of that lag which is none the less opera- 
tive though its operation is masked. There is little doubt in my 
mind that it is possible that, nay more, that many instances have 
occurred in which a potentially valuable crop has been lost through 
too rapid development. The supply has been increased more rapidly 
than the demand, time has not been afforded to permit a general 
recognition of the special characteristics to develop and the full 
price has never been realized before the crop is condemned and 
passes out of cultivation. Neglect of the time factor is here respon- 
sible for the loss of a valuable improvement. 

II. 

I may now attempt to extract from the above brief review 
of the economic conditions, which are of influence in determining 
the value of the raw material of the cotton trade, the fundamental 
considerations for the development of a sound policy on the part 
of the producer. And here 1 may note that it does not necessarily 
follow that the interests of the individual producer will coincide 
with those of the producing community. Wc are, in reality, in the 
latter case, concerned with the solution of an algebraic problem, 
namely, to find the values for m, n, p, etc., which will give the 
maximum value to the following expression : 

amx -f hny -f- cpz + where 

o, h, c, are price units, x, y, 2, yield 

units, and m, n, p, the number of the units produced of 

each of different classes A, B, C, In the case of 

Egypt where the limits of area of cotton cultivation are for the 
moment practically reached, we have the further consideration 
that 

m + n + p + =A:a constant. 
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The problem, so expressed, is clearly incapable of accurate 
solution owing to the large number of variables ; but the attempt 
is necessary if the maximum value is to be realized for the crop. 
The need of a solution, if only an approximate one, is especially 
necessary in a country like Egypt in which practically the entire 
wealth of the country is due to the one crop with which we are 
concerned. 

If, further, the interests of the individual producer are to 
be protected, yet another algebraic problem must be solved. It 
will here be necessary that 

ax = hy = cz = 

Unless this condition is fulfilled, supposing, that is, that 
ax > hy > cz 

the producer of B and, still more, the producer of C, will be placed 
at a disadvantage as compared with the producer of A. Under 
such conditions, unless local conditions exercise a selective influence, 
the cultivation of B, and, to a still greater extent, of C, will diminish 
while the cultivation of A will extend. The only alternative is the 
elimination of the economic factor and for Government to control 
the proportionate cultivation of the different classes— a procedure 
hardly conceivable when such control must react to the detriment 
of a proportion of the individual producers. 

We have here indicated the first problem to be solved with rela- 
tion to cotton growing. Diversity is an essential requirement and 
such diversity will only be maintained if 
ax = by = cz = 

The absolute solution of this problem, the equalization of the 
money returned by unit areas under the various types of cotton, is 

not possible, for the relative values of a, h, c, vary 

from year to year. An approximate solution only can be attained 
and may be sought in two directions. The various types which 
yield the different classes differ not only in regard to those lint charac- 
ters which give these cottons their distinctive features, but they differ 
in other characters also. These characters we may term physiolo- 
gical, thereby implying a difference in reaction to environment. 
Egypt, in spite of its comparative uniformity in this respect, is really 
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uniform neither in climate nor in soil, and these differences are, 
in all probability, sufficient to meet the diverse physiological needs 
of the various types. It is more than probable that it will be found, 
in fact it is found, that the type which is best suited to one set of 
conditions will not be the one best suited to a second ; and it will, 
thus, be possible to demarcate t 3 rpe tracts in each of which the 
cultivation of that type which responds best to the local environment 
can be encouraged. I do not overlook the work that has already 
been done in this direction ; the point is appreciated, notably in 
the case of Ashmouni in Upper Egypt, but I am inclined to think 
that a large scope still remains for work in this direction on a 
systematic and predetermined plan. 

Such investigation is definitely agricultural and it may, even so, 
be found that though the yield of B may be increased relatively, 
and even exceed that of A in certain areas, yet that increase still 
leaves the product ax greater than hy — still leaves, that is, A the 
more profitable crop. To meet such a case the possibilities of the 
second method of equalizing the money value must be investigated. 

It has been repeatedly pointed out that the commercial cottons 
of Egypt are impure ; that is that they consist of a mixture of a 
larger or smaller number of t3rpes, together with a considerable 
admixture of cros.ses between these types. It is to this admixture 
that the deterioration of quality, so noticeable in most Egyptian 
cottons, and even that striking phenomenon of the definite limit 
to the life of any particular variety, is attributable. In such a 
mixture the total yield, is clearly an average one, certain of the 
component types yielding more, and others less, than the average. 
Also certain of the types will be better, and others less, adapted in 
their physiological reaction to the local environment. The replace- 
ment of the mixture by those component types, or that component 
type best adapted to the environment, can have only one result, 
the raising of the unit yield from that of the mixture to that of 
the best of the component types. This method is what is commonly 
termed selection and we may conveniently consider here the third 
point raised in discussing the economic aspect, the need for uni- 
formity, as well as the question of unifor mi ty just referred to. 
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I have had occasion to observe that lint diversity, such as exists 
between the dilferent classes of cotton, is, in practice, associated 
with a different physiological response to environmental conditions. 
The converse is equally true ; mixtures such as compose and yield 
the main classes of cotton contain types which not only exhibit 
these physiological differences but also lint differences. Selection 
within the limits of the present accepted classes, thus, is not limited 
in scope to the isolation of what we may term physiological types. 
It may, and should, be also directed to the isolation, in a condition 
of purity, of those ty})es yieldiug lijit most nearly approximated to 
the class standard. 

Deterioration has lieen I’epeatedly referred to as if it were 
a condition inherent in the plant. The particular variety is, in 
this view, supposed to possess a more or less definite span of life 
after which degeneration sets in and the lint product, gradually 
deteriorates in quality. The word is iinscientific and, as com- 
monly and loosely applied, probably covers a number of phenomena. 
But, in as far as it implies a degeneration in the plant, it is unsound 
and finds no basis in fact. The cotton plant is notably freely 
cross-fertilized and the presence of a single impure plant in a field 
is capable of producing, in the course of a few seasons only, a degree 
of impurity which will surprise, and hardly be credited by, those 
who are unfamiliar with the phenomenon. Given initial purity 
and adequate protection from chance cross fertilization this explana- 
tion of degeneration will be found to be fallacious. In selection and 
propagation under conditions which adequately meet the ever- 
present tendency to pass from purity to impurity, will be found the 
means of maintaining the uniformity desired by the spinner. 

There remains the third desideratum expressed in the second 
conclusion at which we arrived above — that for the development of 
new classes of cotton ; in other words, the introduction of an addi- 
tional term into our algebraic formula. The history of the Egyptian 
cotton plant is a comparatively recent one and is too well known to 
require repetition in the pages of this report. The point I desire 
to emphasize here is the presence of the Sea Island plant at some 
stage of the parentage. We are at present too ignorant of the 

2 
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‘ unit factors ’ on which the various lint characters depend, to state 
with certainty that those factors which are responsible for the special 
spinning qualities of the Sea Island cotton are bred out in their 
entirety. It is still possible that these exist here and there ; it is 
even possible that they commonly exist in the present t3q)es of 
Eg 3 rptian cotton but are suppressed, masked or inhibited. Under 
the conditions of the Egyptian cotton field with the mixture of 
types now prevalent, and with unlimited possibilities for cross- 
fertilization between these, it would not be a matter for surprise 
if, now and again, such combinations should occur wliich will permit 
the re-expresSion of those characters. The sporadic occurrence of 
such ‘ throw-backs ’ is not unknown, and there is reason to believe that 
, their occurrence is still taking place at the present time — the 
history of the origin of Sakel with its superior length is evidence 
in this direction. Here again selection is the means of preserving 
and establishing any such variations as may occur, but it is a selec- 
tion which differs somewhat in form from that previously referred 
to. The latter can be undertaken within the limits of an experi- 
ment station, for what it is desired to select is known to exist, 
but in the former the entire area under cotton becomes the labora- 
tory through which the search must be conducted. 

The above method for developing new classes of cotton may be 
termed undirected, for we are dependent on accident for their 
appearance and merely, so to speak, gather the rose-bud offered to us 
while we may. The development may, however, be directed. For 
successful development of the directed method we must form a clear 
mental impression of what it is desired to produce ; select, as 
parents, those plants which, in one or more of the characters 
concerned, approach most nearly to that ideal and attempt to 
combine these in a single individual. It is the method commonly 
referred to as hybridization. Success will only be obtained if a 
number of conditions are fulfilled. Purity of stock is essential 
and, therefore, preliminary selection to obtain that purity is 
necessary ; also clear recognition of the factors on which are 
based those characters which we desire. The path is strewn with 
difficulties not the least' of which is the exact dete rmina ti on of 
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the ideal, but these difficulties are not insuperable with sustained 
effort. 

We have here considered the methods to be adopted for the 
introduction of a new term, or new terms, into the algebraic 
expression given above, and it may be argued that, if the new 
term conforms to the conditions of equality we have outlined, the 
advantage to the country from their introduction will be nil ; while, 
’ if it does not, the already existing types must disappear. The 
argument is sound, but we must not forget the economic conditions 
affecting the question. Were these constant, it would be very 
doubtful whether it would be desirable to attempt the production 
of types yielding a lint superior to those already in existence. But 
economic conditions are not constant, notably, as we have already 
indicated, Egypt is losing her position as a monopolist, and such 
loss must inevitably lead, in the long run, to a reduction of the 
profit obtained from the standard classes of cotton produced by 
her at the present time. She will then be forced to ‘ go one better ’ 
than her competitors in producingfi ner qualities than she has 
hitherto done or to accept reduced revenues. It is a very real 
danger that exists and the presence of this danger makes it necessary 
to attempt the evolution of new classes. We may express the 
point in another way ; while we do not look upon the multiplication 
of classes as a means of largely increasing the value of the crop, 
for qualities superior to the best Egyptian cotton have, at the 
present time, but a limited market and any premium obtained 
in the early years of low production would soon disappear when that 
production is largely increased, we do consider that their development 
is a necessary and vital insurance for the future. 

The expression of the problem in the algebraic form given 
above brings into prominence certain other aspects which we must 
now consider. We desire that the sum 
amx + Imy + cpz + 

shall be a maximum while maintaining equality between the values 
ax, by, cz The latter desideratum requires further con- 

sideration in the light of what we have just said. This equality would 
be necessary to maintain diversity if the country were uniform; 
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but it is not. The difference whicb exists between the various 
types of cotton plant in their physiological response to environment, 
render it more than probable that, while ax may exceed by in one 
tract, the reverse will be the case in another. Such considerations 
will lead to the development of type tracts and the equality indicated 
will only develop a practical aspect in those border tracts where 
the type of cotton to be grown will be determined by the extent of 
the demand for the alternative classes of cotton these types produce 
and by the area already under those types. We must, therefore, 
qualify our earlier statement as to the need for equality in the 
value of the produce from a unit area. This has no general, but 
rather a local, significance. 

Reverting to the main problem, we have studied certain methods 
which are directed to the end. They aim at the production of 
increased yield by purification of the crop and by demarcation of type 
areas ; at the production of increa.sed price tliixnigh development of 
uniformity in the produce. We depend here oii certain features of 
the environment which arc selective, that, is, features to w]ii<'h the 
different types react differently. There is, however, another series 
of environmental phenomena which are not to the same extent 
selective ; of such a nature are the more important pests of the 
cotton plant, especklly the boll-worm. Again much imporfatice has 
rightly been attached to the height of the water table due directly 
and indirectly, through the canals, to the rise of the Nile. Lastly 
there is that series of phenomena whicih we may include under the 
general designation of cultural— the effect on yield of different 
spacings, different methods of culture, and such like. With these 
questions, beyond recognizing their importance and emphasizing the 
necessity for making adequate provision for their study in any 
serious attempt to face the cotton problem as a whole, we have no 
concern. It must not be forgotten, however, that such problems can 
be approached from both sides. On the one side is the plant, in 
the first case reacting to an insect and in the second to physical 
condition of the environment ; on the other is the insect and, within 
limits, a controllable physical state. Not only do the insect 
and the physical condition require to be studied but also the plants’ 
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reaction to these stimuli. In the first case, concurrently with 
entomological investigation, which has, among other facts, indicated 
the seasonal character of the epidemic, efforts require to be made 
to break the present coincidence between the period of the main 
cotton harvest and the season of the maximum development of 
the pest. This may be effected from the plant side and a beginning 
has already been made to stimulate early ripening. It remains, 
however, to investigate the possibilities of evolving early maturing 
types. 

The second problem is mainly physical but here, again, comes 
back ultimately to the plant, its water requirement and the depth 
to which the root penetrates. In all its bearings the field of investi- 
gation is a wide one and the fringe has, as yet, only been touched. 
Apart from the purely physical aspect there is a large opening 
for physiological investigation. 

Such problems as have been outlined in the last few paragraphs 
are mainly directed towards increasing the value of the yield units 


X, !/, z, There remains the question of the price units 

a, h, c, Evidence is accumulating to show that the 


quality of a cotton is directly affected by the conditions under 
which the plant which produces it is grown. It is, no doubt, true 
that, under the normal conditions of cultivation, these conditions 
are sufficiently uniform and that even the extreme conditions 
found here diverge so little from the normal that the quality of 
the cotton is barely affected. Nevertheless it is not without import- 
ance to determine the point at which such effect is begun to be 
felt and to ascertain which are the chief environmental conditions 
concerned in producing the effect noted. The importance of the 
possession of such knowledge is emphasized if, as seems probable, 
cultural control aimed at tlie development of early maturing is to be 
adopted. The investigations here referred to cover a wide field 
of pure physiological research. 


{To be continued.) 



THE EXCRETION OF TOXINS PROM THE ROOTS 

OF PLANTS. 


J. N. MUKERJI, B.A., B.So, 

First Assistant to the Imperial Agricultural Chemist. 

Some years ago the late Mr. Fletcher, when Deputy Director 
of Agriculture, Bombay Presidency, put forward certain experi- 
mental evidence^ which led him to the conclusion that crop plants 
excrete substances from their roots which are toxic to other 
species as well as to themselves. This conclusion was based upon 
both field experience and the results of experiments by means of 
water cultures, but the latter were performed with ordinary well 
water and without any control tests, and the method of experiment 
led to a considerable concentration of this water and a corresponding 
concentration of the salts present. This being the case, it was felt 
that the evidence was not conclusive and that a repetition of the 
experiments under more stringent conditions was desirable. With 
this object in view, Mr. Fletcher’s scheme of experiment was 
repeated, with the exception that a sjmthetic nutrient solution was 
substituted for the well water, and “ control tests ” were introduced 
to check the results. The nutrient solution used was that of Knop 
and had the following composition : — Ca (NOjja 4 grams ; MgSO^ 
7 H '0 1 gram ; KNO3 1 gram ; KCl 0’6 gram ; FeClj traces, 
dissolved in 7 litres of distilled water ; the total salt concentration 
of this solution being 0*11 per cent. 

A large number of wheat, Cadmus and gram seedlings were 
grown in this nutrient solution, and at the end of a certain period 


* Mem. of Dept, of Agrie. in India, Dot. Ser., II, No. 3 
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the solution was allowed to evaporate spontaneously until its volume 
was reduced to about one-eighth. The “ blanks ” were allowed to 
evaporate to one-third to one-fourth the original volume. Jars con- 
taining the nutrient solution but bearing no seedlings were also 
treated in an identical manner and constituted the “ blanks.” 
Seedlings were then introduced into these concentrated solutions, 
supposed to contain the excretions of plant roots, and the progress 
of crops grown in them was recorded. (For brevity these various 
concentrated solutions will be called “ wheat water,” “ gram water,” 
etc.) The observations recorded are set forth in the following 
tabular' statement. 


Table I. 



Crops which had previ- 

OVSLY GROWN IN THE 
WATER 


Distilled 

water 

Crops (of which progress is itidicat(*d) 

Wheat 

CajannH 

Gram 

Blank 

1 ‘Period (in days) alter which 

G RAM 1 withering commenced 

1 Transpiration (m grams) 

9 

8 


7 

11 

15-4 

13-8 


9*5 1 

1 

i 17*7 

j Period (in days) aft(?r winch 
CajanuH >! withering commenced 

15 

21 

: 1 

17 ! 

39 

j Transpiration (in grams) 

15-0 

22*9 

17*5 

21‘5 

32*3 

r Period (in days) after which 
JViih:AT < withering commcncod 

-n 



30 

48 

" ( Transpii’ation (in grams) 

34H 



3 10 

54*0 


From the above table it is evident that, in general, the seedlings 
grown in “ wheat,” “ gram ” and “ Cajanus ” water throve better 
than in the “ blank ” test solution and that seedlings grown in distilled 
water fared best. These observations led to the conclusion 
that the positive results obtained in Mr. Fletcher’s experiments 
were probably due to the concentration of the salts present in the 
well water and not to toxic excretions. This is confirmed by an 
estimation of the “ total solids ” in the solutions obtained in the 
present series of experiments, the values for which are set forth in 
Table U. 
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Table II. 


Water 

Total solids in grams per 100 c.c. 

(1) “ Wheat water 

0*269 

(2) “ Cajanm ” water . . 

0*154 

(3) “ Gram ” water 

0*226 

(4) “ Blank ” water 

0.382 

(5) “ Distilled ” water . . 

nil 


Thus the concentration of “ blank ” water in which the seedlings 
grew the worst is the highest, whereas the best results were obtained 
in the distilled water, and the results obtained from the other 
“ waters ” are intermediate in character and approximately pro- 
portionate to the concentrations. These relationships are clearly 
shown by the graph below, where the ordinate represents the period 
(in days) after which withering of the seedlings commenced, and 
the abscissa the concentration of total solids in grams per 100 c.c. of 
“ wheat,” “ gram ” and “ Cajanus ” water. It will be observed 
that the withering in case of all three crops was hastened with the 
increase of concentration of total solids. 
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In Mr. Fletcher’s original experiment, 18 to 28 litres of well 
water (including those added for water evaporated and transpired) 
was used in each case and this was finally reduced to a volume of 
1‘2 litres by evaporating at ordinary temperature. Some idea of 
the concentration of salts thus brought about can be obtained from 
a reference to Table III which gives the average composition of the 
three well waters of the Dharwar Kami (one of which was used by 
Mr. Fletcher for his experiment), during December 1907 to May 
1908, the period covered by the experiments. 


Table III. 


Mineral salts, parts per 100,000 


Calcium oarb'Uinte 
,, sul])hate 

^faj^iiesiuni ,*arbonaU 
„ siil])hate 

,, chloride 

Sodium suljihafe 
,, carboimtr' 

,, bicarbonate 

„ chl(*ri(lc 

„ nitrate 

rotassnim tlilondc 
,, nitrate 


Totai. S\1.T^ 


N... I i 

well in ' 
th#’ ctunjKnnid 
of iiharwar 
Farm 

No. II 

K itch ha well, 
J>harH ar 
Farm 

No. Ill 
Pak'ht well m 
th(* old aica of 
Dhaiwar 
Farm 

HMO 

1 

1.VS3 

7-oy 


05G 



4 -OS 


0*21) i 

0 5;{ 


1-hl 

1-^5 


2i:i 

4-():j 

27*77 

2*57 

5-S5 

lor»f) 


U'LM 

14*17 


::-47 

17*05 

hH) 

]-2:{ 


OOO 1 

OGl 

0(16 

o*,v> i 

1 

{)'2r, 1 


:{r.-4i 1 

:{sti4 

OodO 


The coiicentral ion of total solids in the above Avaters varies 
from 35 to 95 parts per 100,000. Taking the mean concentration 
as 56 parts per 100,000 or 0‘056 parts per 100 c.c., the concentra- 
tion of the solution (about 23 litres reduced to a volume of 1’2 
litres) used in the original experiment for the final water cultures 
approximates to (0 056 x 20) or 1T2 parts per 100 c.c., a value 
much higher than is attained in the experiments now under 
consideration. 

The influence of nutrient solutions, covering a wide range of 
concentration, upon the growth of young plants has been studied 
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by Sachs, Knop, Nobbe, Seigart and many others. In 1860 
Sachs ^ proposed the first standard formula for a nutrient solution 
in which he grew maize, bean, and beet, and concluded that the 
optimum concentration for maize appeared to be about 0*3 per 
cent. An investigation of the optimum concentration for a modified 
Knop’s nutrient solution was reported by Nobbe and Seigart* for 
seedlings of barley and buckwheat. The total salt concentration 
used here ranged from 0'05to 1*0 per cent., and it was noticed that 
in low concentrations (0'05, O'l and 0‘2 per cent.) long and thickly 
haired roots developed, whereas in solution approaching the highest 
concentration, the main roots were short and the laterals and root 
hairs poorly developed. These writers found the period of the 
life-cycle nearly proportional to the total concentration of the 
nutrient solution employed and placed the optimum strength of the 
latter at 0'3 per cent, of total salts. In 1866 Wolf* also investi- 
gated the solution employed by Nobbe for the growth of buckwheat. 
He concluded that a concentration of total salts from O'l to 0‘2 per 
cent, was the best for Indian corn and wheat. 

Studying the effect of the concentration of nutrient solutions 
on the growth of wheat, Breazeale ^ concluded that concentration, 
independent of any changes in the chemical or nutrient properties 
of the solution, seemed to be important in determining plant growth. 
He placed the best concentration for wheat seedlings at 0'03 per cent. 
In 1906 Osterhout® called attention to the importance of physio- 
logically balanced nutrient solutions. He concluded, in general, 
that the effect of increased concentration of any given nutrient 
solution, beyond a certain limit, leads to a toxic effect by some or all 

^ Sachs, tJ. Vcgctationsvcrsuche mit Ausschluss dcs Bodens iibor die Nahrstoffe und 
Soiistigen Ernah-rungsbedingungon voii Mais, Bohne und andereu Pflanzen.” Landw, 
VcrMiicUsf., 2 , 219-2G8. 1860. 

* Nobbe, K,, and Seigart, T. “ Beitriigc zur Pflanzcnculturc in Wasserigen NahrstoiT- 
losungcn. T. Ueber die concentration der Nahrstofflosungon." Landw» Vermch^st.y 6, 
10-15, 1861. 

® AVolf, 12. T. “ Ueppigo vegetation in Wessorgen Losimgon der NahrstoiTo.” Landw y 
Vcmich'ifily 8, 189-215, 1866. 

^ Brea'/ealo, J. F. “ Effect of the concoiitration of the nutrient solution upon wheat 
cultures.” 6V<ewcc, N. S., 22 , 146-140, 1906. 

® Osterhout, W. J. V. “ On the importance of physiologically balanced solution for plants. 
Uf Fresh water and terrestrial plants.” i?o<. Gaz,, 44 , 269-272, 1907. 
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of the component salts present in the solution or the further addition 
of new compounds. 

The investigations of Sachs, Seigart, Nobbe and Wolf, indi- 
cated above, all tend to place the optimum strength of the solution 
at 0'3 per cent, of total salts. The strength of the solution in Mr. 
Fletcher’s experiment works out approximately to 1‘12 percent., 
a concentration which no doubt would prove toxic to any plant. 
From Table III, the concentration of the solution, in the original 
experiment (if well water No. Ill had been used) with regard 
to sodium salts, works out to 0’34 per cent, sodium chloride, 0*60 per 
cent, sodium carbonate and bicarbonate, and 0‘56 per cent, sodium 
sulphate. All these figures taken together exceeds the minimum 
weight per cent, which Coupin^ found toxic to wheat plants in his 
experiment. The presence of an alkaloid, which Mr. Fletcher inferred 
was the character of the excreted toxin, could not be demonstrated 
in the present experiments, and, consequently, it is only possible to 
conclude that the effect which had been ascribed to toxic excre- 
tions are, in reality, due to the high concentration of salts in the 
solutions employed in the final stages of the experiment. 

^ Henri Coupin, M. “ Sur la toxicite dos compo-sds de soJinm, do potassium et do I'ammo- 
iiiura k 1 egard des v6g6taux superieurs.” Annak^ Ayranomique^, XXVI, 675-.>77. 



A PRELIMINARY NOTE ON THE IMPROVEMENT 

OF ORANGES.* 

BV 

K. 1*. SHIUVASTAVA, 

Offg. Kro'iioniic Botanist, Central Provinces. 

The Nagpur “Sautara” has more than a provincial reputation. 
It is remarkable for its juiciness, flavour, and sweetness, and is for 
this reason in demand all over India. Statistics show that the 
cultivation of this fruit has been steadily increasing, but the methods 
adopted by the cultivator are generally conventional, with the result 
that a Citrus survey uudertaken some time ago indicated that the 
fruit was gradually deteriorating both in (piality and yield. 

In order to find out the lines of improvement best suited to 
local conditions a seiies of experiments was started in the Botanical 
(farden in 1913. This paper presents a brief outline of the results 
achieved. 

The soil selected is the usual loamy soil couimonly found in 
Nagpur District. Experience has already demonstrated to the 
cultivator that the soil best suited for orange cultivation is a well- 
drained soil containing a large proportion of lime. The experiments, 
therefore, aimed at gaining information regarding 

(1) Stock and nursery. 

(2) Lifting of budded plants, packing, etc. 

(3) Pruning. 

(4) Manures. 

(5) Irrigation. 


* Paper read at the Seventh Indian Soienoe Congieaa, Nagpur, 1920. 
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Stock and nursery. 

Orange trees are propagated by means of budding. Seeds for 
raising the stocks arc sown in the hot weather during March or April, 
and the young seedlings are fit for transplantation in the monsoon 
after the first showers of rain are over. The rate of development 
of the orange tree after planting depends to a great extent on the 
condition of the stock used. Healthy stocks, one-and-a-half year 
old, have been found to be the most suitable for budding. I’lie 
fields in Xvhich the seedlings for stocks are planted should have good 
drainage. The root system in badly drained fields is much impaired, 
and plants raised in such fields seldom recover from the ill effects 
of water-logged conditions. Different varieties of .stocks were 
planted out in prepared pits on the actual site of the experimental 
orchard in heavy black cotton .sr)il. Settling of the soil in the ])i1s 
accompanied by a heavy monsoon eau.sed considerable water-logging. 
This had a de])re.ssing effect on all the stocks em])loyed though the 
.stunted growth in the fir.st year from which many never recovered 
was much more marked in certain .stocks than in otheis. Tt was 
found that the stocks of Jnn>heri\ Atfara lime and Muliahwfia were 
hardier than tho.se of Sweet-lime, Pumelo and Sour-lime. Sweet- 
lime .suffered most. Tn Nagpur and Wardha Districts two kinds of 
stocks are generally u.sed, viz., (1) Jamheri and (2) Sweet-lime. There 
was a belief among orange-grow'ers that the oranges produced on 
stocks of Jamheri were bigger in size but po.ssessed a rough .skin: 
while those raised from stocks on Sweet-lime produced smooth and 
tight skin oranges. It was reported, too, that orange trees budded 
on Jamheri grew more vigorously than tho.se budded on Sweet-lime. 
Experiments were, therefore, started to see the effect of budding on 
different stocks. The following stocks were raised and budded in 
all cases from the scion of a typical Nagpur orange tree : — Citron 
long {MaJudunga), Pumelo (CkaJcoira), Jamheri, Wild lime. Sweet- lime. 

During the first year the growth of the plants budded on 
MaJudunga was the quickest and that of Pumelo was second to it ; 
while the Jamheri and Sweet-lime came next in order. 

During the second year the plants budded on Jamheri over-took 
the Pumelo and equalled the Mahahunga. Jamheri continued to, grow 
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more vigorously and now heads the whole series. The MaJudunga, 
Pumelo, and Sweet-lime now show more or less equal growth. This 
is the first year of bearing. 

The fruits produced on Mahalnnga are big in size and the skin is 
thick and loose. The segments inside are distinctly large, somewhat 
loose and full of sweet juice. The great defect, however, is the 
looseness of the skin. The fruits on Jamheri stock are on the whole 
bigger than those produced on Sweet- lime and the skin is looser and 
shows a greater amount of roughness. The fruits produced on 
Sweet -lime, althougli smaller, have smoother and tighter skin than 
the others, though there are undoubtedly other factors which affect 
the looseness and character of the skin. 

It appears therefore that the nature of the stock plays an 
important part and that the future success of an orange garden is 
largely influenced by the early development of the stock and the 
type of stock employed. 

Lifting of the bttdded plants. 

Observations in the method employed by local cultivators in 
lifting budded plants for planting out in the orchard indicated that 
these were far from satisfactory. With a view to minimize labour 
and trouble, the ordinary grower digs out. a number of plants rapidly 
with a fork. He then takes them one by one, attaches a small ball 
of earth round the roots of each plant and ties it up with leaves. 
In some places the more intelligent cultivator simply digs out a 
small ball of earth containing only a few roots of the plant, but in this 
case also a great majority of the roots are carelessly cut off. It 
w'as found that the plants lifted in either of these W'ays took a very 
long time to establish themselves, while several never recovered from 
t he injury sustained by the careless cutting away of their roots and 
died off or remained stunted all their life. Several methods of lifting 
were tried. The best results were obtained by lifting the plant by 
digging the earth round it in a slanting manner, so as to obtain a 
rnoie or less conical ball of earth enclosing the main roots, the base 
of the cone being above and the apex below (Plate XXVI, fig. 1). For 
a two-year old plant a conical ball of earth about 6 inches high and 



PLATE XXVI 



well pruned plant. Fig. 4. Full-grown trees, lateral branches not pruned. 
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from 3 to 5 inches broad at the base was found to be most suitable. 
Superfluous roots should be cut clean with sharp pruning scissors and 
painted with the following ointment ; 3 lb. resin, 1 lb. beeswax. and -| 
pint linseed oil, melted together, and stirred till properly mixed. This 
ointment has been found to be very useful. It was used whenever a 
surface was exposed and the wound healed rapidly and prevented 
injury by insects, fungus, etc. Next to lifting, packing requires as 
much careful attention. It is necessary to tie a jaece of sack clotli 
firmly round the ball of earth, thus securing the soil and preventing 
the exposure of roots by the loosejiing of the earth even when carried 
to long distances. Plants thus lifted and packed have travelled well 
throughout India. It may be interesting to note that a few plants 
were thus packed and sent to Baghdad which they iea(*hed safely 
and where they are now said to be doing well. 

Pruning. 

The local orange is rarely touched after planting beyond the 
removal of stock suckers. The result is that most of the trees 
develop in a semi-bush form with 2, 3 or more branches on the 
ground level. In our experiments in the garden it was decided 
to grow the trees as standards, and with this objecd in view all lateral 
branches to a height of li feet to 21 feet from ihe ground were 
pruned off before planting (Plate XXVI. figs. 2 and 3). A certain 
juimber of trees were allowed to grow on the usual lines (Plate 
XXVI, fig. 4). The value of attention to pruning in the early 
stages of the plant and the building up of a standard in ihe lines 
indicated above, carrying 3-5 main branches at the point of forking 
selected, has been most marked. Early pruning in this fashion 
produces a well shaped tree with a much bigger fruiting tendency. 
In addition, fruits are more easily picked, insects have less chances 
of shelter, and intercultivation is not interfered with. 

Manures. 

With a view to find out the best combination of manure for 
the orange tree at a given cost, a series of experiments dealing with 
nitrogenous and non-nitrogenous manures was started. Of the 
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nitrogenous manures, tlie following were experimented with : 
cattle-dung, green manure, castor cake, molma {Bassia latijolia) 
refuse, and calcium nitraie. The cross dressings consisted of the 
mineral fertilizers- superphosphate, potash, and superphosphate 
com])ined with potash. The weight of the manure given to each 
tree varied with the kind of manure and the combination used, but 
in every case the cost was kept limited to the fixed money value. 
As the result of the disturbing effect of the war, the prices of the* 
manures in the market varied from year to year ; but for our experi- 
ments the value was kept fixed and maintained throughout tor 
calculations. 

In the first year eacli tree received two annas worth inanurc'. 
rising by I wo annas ev(‘ry year to ten annas in the fifth year wlien 
they were fully grown and were in bearing. 

The manures w(“re analy.sed and tlie jjercentage of nitrogen, 
phosj)lioric acid a,nd potash was calculated in each case before 
ap])lying t(t tlic tree in order to adjust them to the fixed money 
value. 

As reconunended by Hume, young trees were giv<“n a, fertilizer 
contaijiing 0 per cent, of phosphoric acid, 8 percent, of potash, and 
4 per cent, of nitrogen, while the fully grown trees received 8 per cent. 
r_0„ 12 per cent, of potash, and 3^ per c^ent. of nitrogen throughout 
the experiments. 

The effect of the nitrogenous manures on the vegetative growth 
and fruiting of the trees is now quite distinct. 1’he lines of trees 
which were treated with mohwa refuse are the most prominent. 
The foliage on these trees is dense, deep green, the branches are 
abundant., and the yield heavy. U’he frees treated with castor cake 
come second, and the rows of trees treated with cattle-dmig and 
cahdum nitrate stand third in older. 1'hus, to date the orgamc 
forms of nitrogenous manures fairly easily procured appear to be the 
most effective. 

The effect of the mineral manures so far cannot be said to be 
clearly noticeable ; but their action in the flowers and in the forma- 
tion of fruits is being watched in order to deduce definite results. 
The experiment will thus have to be continued for a few seasons more, 
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and it will then be possible to arrive at definite conclusions as to the 
nutritive and productive value of each kind of manure used and 
their effect on the life of the plant. 

Irrigation. 

The economy of water is of great importa?ice for the success 
of the orange garden. The right method of giving water at the 
proper time saves much waste in water and allows the plant to develop 
vigorously. The local practice of irrigation is expensive, wasteful, 
and not beneficial to the tree. The ordinary cultivator waters the 
tree by making a saucer shaped circular j)it a1 the })ase of the 
tree. The pits are generally 4 inches to 6 inches deep and have a 
diameter of about 3 feet. The water stands round about the trunk 
of the tree, which is fully recognized as harmful 1o the Citrus 
and which indirectly interferes with the spreading of the root 
system. 

Three systems of irrigation were undei- trial in the garden : — 
(1) Ring system, (2) Furrow system, and (3) Tiench system. 

(1) Riiiff system. A trench about a foot wide and 6 inches deep 
was dug parallel to the rows of trees and round each was made a ring 
6 inches deep. The distance of the ring from the tree depends on 
the size of the tree but the approximate distance is where the shadow 
of the tree falls on the ground at noon. Each ring was joined to 
the longitudinal trench by short connecting treJiches. The young 
orange trees were thus irrigated for four years in our garden and 
the system was found to be very useful and economical. After the 
water had soaked into the ground the rings were filled in with earth, 
which prevented the loss of moisture by evaporation. The amount 
of water given per tree averaged 40 gallons and the total amount of 
water for young trees in an acre comes to 30,000 to 40,000 gallons 
per year. The economy of water in this way in the early stages of 
a garden is great and we had to irrigate 5 to 6 times only from 
monsoon to monsoon, whereas the cultivator would have irrigated at 
least 20 times during the same period. 

(2) Furrow system. As the plants become older their roots 
spread in all directions and it is then quite easy to irrigate by means 
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of furrows. This consists in making two temporary furrows by 
working the monsoon or ridging plough up and down between the 
two rows of trees (Plate XXVII, fig. 1). Water is allowed to flow 
slowly down a number of these furrows and the roots thus get 
their requisite supply of water. It is important to allow the 
water to run slowly. In our garden the head-channel fed at one 
time three furrows, each being about 200 feet long, and it took 
15 hours. The total amount of water consumed was 60,000 gallons 
for 132 trees. In a year from monsoon to monsoon the trees received 
only 6 to 6 irrigations. After each irrigation, as soon as the soil 
becomes workable, the bullock-hoe (bakhar) is worked and all the 
furrows are obliterated. In this way the soil beneath the trees is 
kept well mulched and clean and free from weeds. This method 
entails a bigger watering at each application but the interval 
between waterings is longer. When irrigation is from a well or 
from a source where the time during which the canal is open is 
not too short it is quite satisfactory. 

(3) Trench system. It was noted, however, that the Irrigation 
Department, in tracts near Nagpur where orange cultivation was 
likely to extend under canal irrigation, preferred to supply a large 
bulk of water for a short time. Though the second system can be 
used under these circumstances, provided that the cultivator can 
open up sufficient furrows from his head-channel to deal with the 
water, in many cases the regulation of a large amount of, water is 
difficult. In such cases it was decided to irrigate by means of 
straight trenches about 1| feet wide and about a foot deep made 
across the slope of the garden half way between the lines of trees 
(Plate XXVII, fig. 2). In cases in which the land was not practically 
level, the trenches had to be terraced in order to keep a uniform 
depth of water throughout its length. In this way each tree gets 
an equal quantity of water. This system is quite easy to work. In 
places where the cultivator receives canal water for a fixed number 
of hours it is distinctly to his advantage to fill in his trenches and 
to let the roots of the trees gradually absorb the water. As 
compared with the furrow system, the irrigations have to be given 
with greater frequency though the amount utilized in each watering 
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is less. The total amount of water consumed was 45,000 gallons 
for 132 trees. 

These trenches can be used as drains in the monsoon, a most 
important factor in the Central Provinces where moie trees are 
spoilt by lack of drainage than any otlier cause. The one 
disadvantage in this, system is a slight one found in interculti- 
vation. This, however, was easily overcome by using the small 
double hoe used in cotton rows — one bullock walking on either 
side of the trench. A single bullock hoe would be even better. 



THE “TOP-WORKING ’ OF INDIAN FRUIT TREES. 


BY 


W. BURNK, D. So., 

Economic Botanidi Bombay ; 

and 

?. G. JOSHI, 

Superintendent^ Ganeshhhind Botanical Gardenf^, Kirkee^ 


By the term “ top-working ” we mean the renovation of the 
whole of the top of a tree by inserting scions on the existing branches, 
and then arranging that these scions grow wliile the old branches 
of the tree are removed. The method is not new. It has been 
described in various American publications, for example, in Wester’s 
“ The Mango and in Rolfs’ “ Mangoes in Florida.”® We believe, 
however, that the experiments here mentioned are the first of their 
kind in India. 

The problem first presented itself to us in the form of the well- 
grown but useless mango tree, useless because its fniit was poor 
and turpentiny. Experiments had already been made in this 
Presidency in crown-grafting such trees, but with a very small 
percentage of success. Text-fig. 1 shows what is meant by 
crown -grafting. The whole top of the tree is cut off, and scions are 


^ Philippine. Bureav of Agriculture Bulletin 
* U niversiiy of Florida AgricuUurcd Expt, 8t, Bulletin 127 . 
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Fig. 1. The top completely renewed. Fig. 2. A well grown mango seedling growing where its 

seed was planted. 
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inserted between the bark and the wood in the manner shown. As 
can be easily imagined, the cutting off of the whole top of a well- 
grown tree is a considerable shock to the plant. Moreover, the 
fact that the scion cannot at once establish its water connection 



Fig. 1. Crown-giafting. 


with the stock and yet has to be out in the field exposed to the sun, 
and only ineffectively protected by any artificial shading material, 
makes the likelihood of union very remote. 

The method of top-working meets both these difficulties. To 
begin with, the top of the tree is not. entirely removed. Branches 
may have to be pruned off, to reduce the head, or to stimulate the 
production of young shoots on which to graft, but the drastic deca- 
pitation of the crown-grafting method is avoided (Plate XXVIII, 
fig. 1). 

Second, the scion is not taken away from its original water con- 
nections until the new are fully established. In other words, the 
scion is inarched from a live grafted plant on to the stock, and this 
means that the scion is attached to its own original plant until 
union occurs. Text-fig. 2 shows inarching, and Plate XXVIII shows 
a tree with the inarching going on. Fig. 1 on Plate XXIX is the 
completely leiiewed tarw. 
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Fig. 2. Inarching. 

The following are a few examples of top-working as done by 
one of us. 

A country mango tree in Bassein on the coast near Bombay, 
of unknown age, but probably over thirty years old, was heavily 
cut back on March 6, 1912. Many new shoots sprang up from the 
stumps, and on these were grafted scions of good varieties on 
May 22, 1912. The grafting was done by inarching from plants 
in small pots tied to the tree in various places. On 1st November, 
1912, further grafting was done from the now established scions 
on to new shoots of the stock. Out of a total of 40 scions, 3 flowered 
in June 1914. As the first and second sets of scions were not dis- 
tinguished it is impossible to say to which the flowering scions 
belonged, but it shows that, by top-working, flowers can be got 
14 to 20 months after operation. The pot-plants from which these 
scions were iaken did not flower. 

The first real crop was got from the tree in June 1916. There 
were 38 fruits of four varieties. These varieties had all retained 
their own characters although grafted on the same stock plant. 
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Top-working was also done on wild trees belonging to culti- 
vators in some of the coastal districts of the Bombay Presidency, 
with considerable success, as will be seen from the following letters 
from these men. 

Mr. R. V. Bam, Thana District, writes : 

“ As for top- working I prefer it to side-grafting, especially 
because it requires very little care after the grafts are 
removed from the trees ” {i.e. , after the union of the 
scions has taken place and the pot-plant that was tied 
to the tree has been removed. — Authors). “ The tree 

is not required to be watered and it requires no 
protection from cattle, the grafts being beyond their 
reach. The only care required is to remove the new 
shoots from ungrafted branches. It is the most suc- 
cessful method of converting ordinary trees into grafted 
ones.” 

Mr. Gopalrao Mehendale of Belapur says : 

“ In my opinion the top-working system is very good. 
My top- worked trees are growing well. Those who 
have got wild-mango trees can do best by top-working 
them. It is only at the beginning that the work 
requires constant attention.” 

Top-working for the conversion of useless wild trees into good 
bearing trees can also be applied with success in the case of Zizyphus 
species. Mimusops hexandra can be top-worked with scions of 
Achras sUpota (the sapodilla plum or chihu). 

Another application of top-working is in the starting of new 
mango plantations. It is a matter of importance to get strong, 
deep-rooted, straight'-stemmed trees. This is seldom got if pot- 
plants grafted in the pot are afterwards planted out. A better 
method is to plant the seeds of the stock plants in the field in the 
place where the tree is wanted and afterwards graft on to the stock 
when sufficiently grown. Plate XXIX, fig. 2, shows such a seedling 
of natural shape and strong straight stem. Plate XXX, fig. 1, 
shows top-working on to each branch of the head, and the second 
figure on the same plate shows the finally altered tree. 
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Still another application is that of getting an early flowering 
from scions whose character one wishes to test. Suppose we have 
hybridized two varieties of fruit tree. We have the seeds, and 
grow a hybrid seedling. Now it will take, perhaps, five years for 
this to come into flower and show us what its fruit is like. We can 
greatly shorten this time by grafting the seedling (top-working it) 
on to the well-developed branch system of an adult tree. In the 
first case of top-working quoted in this paper, flowering took place 
on the tree where it did not take place in the pot-plants from which 
the scions were taken. In another set of experiments, seedlings of 
guava were, in the Ganeshkhind Gardens, grafted on to well-grown 
trees of 5 years old, on March 20 , 1919 . The scions flowered on 
December 27 , 1919 , and the seedlings in pots, afterwards planted 
out into the ground, have not yet flowered. 

Similar results have been got in America.^ 

^ Oliver, Q, W. “ The Seodling-Enaioh aad Nurse-Plant Methods of Proxiagation.” U. iS, 
Bureau of Plant Industry Bulletin 202. 



IMPROVED FURNACES FOR MANUFACTURE.’^ 


BY 

G, K. KELKAE, B.Ao., 

Extra Assistant Director oj Agriculture, Bhuiilaia, Central Provinces, 


Furnaces play an iniportant part in cane indnsl.ry, as much 
depends upon their efficiency. A cultivator may take a good deal 
of trouble and invest large sums of money in producing an excellent 
crop of sugarcane ; but if he is a little slack in adopting improved 
methods of cane-crushing and gur manuiacture, he might incur a 
great loss. 

It is now a well-known fact amongst cane-growers that if they 
crush their cane by wooden mills, instead of ir'on ones, they lose 
20 to 25 per cent, juice after every 100 lb. of cane. With a good 
crop this loss may amount to Rs. 125 to Rs. 150 per acre per season. 
By demonstrations and comparative trials made in cane-growing 
tracts, the cultivators are now so convinced of the superiority of the 
iron mills over the wooden ones that the latter are now being entirely 
ousted and their place taken by iron cane-crushing mills. 

What is true with the mills is also t rue with the furnaces. An 
efficient furnace means saving in money and time and production of 
a finer quality of gur which will fetch better rates in the market. 

Cane-growers in these provinces used to boil their juice on most 
primitive and inefficient furnaces before the attention of the Agri- 
cultural Department was drawn to this question. This furnace 
consists of a pit 4'-6" in diameter and depth. A feeding hole 2' x 
l'-6" is kept in the front. For want of any arrangement for the 
draught, ash pit, and exit passage for smoke and hot gases, the 


* Paper read at the Seventh Indian Science Congress, Nagpur, 1920 
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working of this furnace is very defective. A trial boiling taken on 
such a kind of furnace showed that it required hours to boil 500 lb. 
of juice. The quantity of fuel used was simply enormous. In the 
first place, firewood was utilized for the boibng. Then the megass 
and trasli was exhausted ; but still the boiling was not complete. 
Consequently the stock of fuel had to be supplemented by feeding 
til (sesamum) stalks. As it took such a long time to boil a small 
quantity of juice, the quality of the finished product was distinctly 
inferior. In comparison with this type of local furnace the intro- 
duction of the J’oona furnace was looked upon as a decided im- 
provement. The cultivators at once appreciated its obvious ad- 
vantages at demonstrations carried out by the department. There 
are three main points of advantage in this furnace, viz., the ash pit, 
draught passage, and exit hole for smoke. Unlike the country 
furnace, this furnace is double storied. It is 7' in diameter. The 
ash pit is 3' in diameter at surface level. It is dug up to a depth 
of sy and broadens as it goes deeper so that the diameter at the 
bottom remains 5'. A narrow draught passage l-g-' wide comuuinicating 
with this pit opens out on one side of the furnace at ground level, 
through which the draught of air is constantly sui)plied to the burning 
fire. Over the top of the ash pit is put an iron sheet with a hole 9" 
square in the centre. The upper wall of the furnace is 3'-6" in 
height. An opening l'-6" x 2'-6" is kept in the front for feeding 
fire. To make tlie working of this furnace more effective, an exit 
hole 9" in diameter is kept at the left side of the feeding mouth. 
This conununicates with a chinmey about 6' high. The working 
of this furnace was so successful that it has ousted the local furnaces 
wherever demonstrations showing comparative trials were held. It 
required no extra fuel as all the boiling could be done on megass 
and trash, which means a saving of at least 15 cartloads of fuel 
worth Its. 20 per acre of cane. It boiled the same quantity of juice 
in nearly half the time than that required for the local furnace. 
The quality of <jur was, therefore, considerably improved. With all 
these obvious advantages, it is no Wonder, therefore, if this furnace 
has been adopted by all the cane-growers who have seen its working 
side by side with their local furnace. 
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The Sindewahi furnace evolved on the Sindewalii Farm, however, 
is even a far greater improvement over the Poona furnace. From 
trials made it has been conclusively proved that this furnace is 
simpler, cheaper, more efficient and economical than the Poona 
furnace. The construction of this furnace may be described as 
follows : — 

Select a level piece of ground somewhere adjoining the cane 
area to save extra expenses of carting cane. For a pan of 7' diameter 
dig a pit 6'-6" in diameter and 18" deep with sloping sides, so that 
the diameter at the bottom will remain 4'-9". Construct a mud 
wall in the centre, l' in height and 4" broad, leaving 0" on 
both sides for smoke and hot gases to gain access to the passage 
leading to the chimney. The most important part of this furnace 
is the grating over which fuel is fed and through which the diaught 
is supplied. It should be made of round iron bars, each 20" in 
length, fixed up apart to two pieces of 1" broad flat iron. The 
size of the grating should be 14" x 20". It should face towards the 
direction from which wind generally blows. It should be fixed in 
such a way that its bottom touches the loAver rim of the furnace 
whilst the upper edge is fixed in a slanting direction at a point 8" 
from the upper rim at the surface level and 3" deep. This leaves 
an opening 14" x 7" between the jjan and furnace for feeding megass. 

A perpendicular cut is made from the lowei' rim of the grating, 
l'-6" deep, 15" wide and 3" long. In continuation with the upper 
edge of the grating, flat stones should be fixed up to a length of 3'. 
These will cover up the air passage and allow space for the feeder 
to sit upon. A sloping air passage 5'x2' communicates with the 
passage below the grating, and thus gives a continuous su])p]y of 
draught to the burning megass. 

The outlet for smoke and hot gases is situated behind the mud 
wall just opposite to the grating. Its size is 15" x 7". 'I’his oj)ening 
is continued to a distance of 8' Avhere a chimney I'xt)" is con- 
structed. The height of the chimney should be at least 8'. The 
passage for smoke is closed by covering with bricks or stones 
flush with the ground, taking care to see that no smoke gets out 
from any Joint. 
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Comparative trials have shown that this furnace has several 
advantages over the Poona furnace. 

(1) This furnace costs very little. The grating is the only part 
which has to be got made by the village smith. With normal prices 
of iron, this furnace will not cost more than Rs. 5. A kutcka Poona 
furnace costs not less than Rs. 10, including the cost of iron sheet. 
Such a furnace built in pitcm bricks costs Rs. 25. 

(2) It effects a considerable saving in fuel as all the boiling can 
be done on megass alone, there being some balance left out even of 
this stuff at the end of the crushing season. The whole of the trash 
can, therefore, go into the manure pit or be ploughed into the cane 
land. From experiments carried out it has been proved that the 
manurial value of trash from an acre of land (about 5 tons) is equal 
to that of 30 cartloads of cattle dung. From this point of view, the 
Sindewahi furnace is of far greater importance, as cattle dung is 
getting scarce day by day and its price is rising by leaps and bounds. 
By adopting this furnace, the cane-grower can depend upon his 
trash to supply the necessary quantity of bulky manure, which he 
can supplement by concentrates like oil- cakes or nitrates at a later 
period in the growth of the crop. 

(3) It totally dispenses with the necessity of having a strong 
man for feeding fire. The megass can be fed by a boy or girl by 
putting in handfuls at a time. The feeder can sit up in an easy 
position all the while that the boiling continues. Fire-feeding which 
was so long looked upon as the most difficult task in gur manufacture 
can now, with this furnace, be considered as an easy job which 
can be managed by anybody. 

(4) It boils the juice in comparatively less time than that 
required for the Poona finnace. 

(5) The lifting of the pan when the gur is ready is much easier 
than in Poona furnace. 

From all these points, it is obvious that the Sindewahi furnace 
is a decided improvement over the Poona furnace in several respects, 
viz., simplicity, cost, and efficiency. This furnace has been introduced 
in the cane-growing tracts and is being looked upon everywhere as 
a boon to the cultivators. 



GUR-MAKim FROM THE JUICE OF THE DATE-PALM 
{PHCENIX SYLVESTRIS) IN THE THANA 
DISTRICT OF THE BOMBAY 
PRESIDENCY* 

BY 

V. G. PATWARDITAN, B.Art., B.So., 

Lecturer, Agricultural College, Poona. 

G^wr-making from the date-palm juice is not carried on on an 
industrial scale by the people of the Thana District as in Bengal 
and Madras Presidencies. Three or four years ago this work 
was taken up by the Bombay Agricultural Department, and investiga- 
tions were made in connection with gur making from the date- 
palm juice and also in connection wdth the improvement of the 
quality of gur in colour, crystalline consistency, etc. The ex- 
periments w'ere conducted at Sanjan and Tadgaum in the I’hana 
District. 

In the jungles and also on the coast-line of Thana District, 
date-palm trees grow in abundance but no economical use of them 
is made by the people. Only some trees otit of an enormous number 
are tapped for toddy (fermented juice). Hence there is ample sooj)e 
there to start an industry of gur or sugar-making from the juice 
of date-palm trees. A number of trials were made for preparing gur 
from the date-palm juice under different conditions. There are 
two collections of juice : one is the night collection (removed in the 
morning) and the other is known as the day collection (removed 
in the evening). The juice of the night collection is clear, colourle.‘s, 
and transparent, when collected in new pots after washing the 
exposed part of the tree. It resembles the juice of coconut both 


* Paper road at the Seventh Indian Ssienoo Congress, Nagpur, 102 ). 
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in appearance and taste tliough it is sweeter than the coconut 
juice. This juice is known as nira, and is free from fermentation 
and hence can be used foi- //wr-inaking. If the juice is kept exposed 
even for a short time, the acidity increases and fermentation sets 
in very ra])idly with the increase of temperature. This juice is 
known as sweet toddy which takes two days to complete t he process 
of fermentation wlien it l)ecomes real toddy of drinking. Neither 
the sweet (fermenting juice) nor the real toddy (fernumted juice) is 
of use for //^/r-making. 'J'he day collerdion is always fermented 
and is never used for 7 ?/>-making. The nira (unfermented jui(‘e of 
the date-palm) has a decided advantage over the juice of sugarcane 
for / 7 ?/r-making inasmuch as the skiinmings from the date-palm 
juice when boiled are trifling. There is no great change in the 
colour of the boiling juice till it reaches the ghagara stage (when 
frothing ceases), after which the colour changes from the reddish 
yellow to dark red or brown. 

Prom nira the gur easily sets to solid crystalline consistency 
and gets the characteristic dark brown colour. The gur smells 
slightly of the date palm juice and its taste also differs from cane 
gur to some extent. 'I'he gur prepared at Sanjan compared well 
with low quality cane gur. The average proportion of gur to juice 
was one to ten, i.e., 1 0 per cent. The percentage of sucrose in the 
juice varies from 7 to 10. As fermentation proceeds, reducing 
sugars increase to as much as 50 to 60 per cent, of the total sugars 
within 10 hours. In a good sample of juice, the reducing sugars do 
not exceed TS per cent. A large number of trials were made 
to have a solid crystalline gur from the date-palm juice. The in- 
vestigation was carried on mainly with the following two points in 
view : — 

(1) To get the best juice {nira) suitable for gur-making, and 

(2) to get gur of solid crystalline consistency. 

In order to secure the first point, earthen pots were used for 
the collection of the juice. Some of the pots were lime-coated, 
some were smoked and some new, while some were treated with 
formalin (six drops of 40 per cent, formalin per pot) and 
some with chloroform (10 drops ' per pot). In every case proper 



GUR-MAKING FROM THE JUICE OP THE UATE-PALM 527 


care was taken to clean the cut surface of the tree with a 
view to avoid contamitiation. The pots were suspended on the 
tree rather late in the evening and the collections were removed 
early in the morning at about 5 a.m. The l)oiling of the, contents 
of the pots subjected to different treatments was done separately 
in open iron pans at 7 a.m., and was prepared in the same way 
as with cane juice. The best, temperature for rijx* boiling was found 
to be 108° to 110°C. 

The acidity of call the collections was determined before they 
were taken to the pan for boiling. Formalin was found to be the 
best preventive of fermentation, though the increase of acidity in 
others was not very high (only O'OO gramme of caust ic, potash was 
required to neutralize 100 c.c. of juice). The residts of all these 
experiments were as follows : — 

(1) The juice treated ivith formalin gave solid qur of good 
grain. 

(2) The juice treated with chloroform gave solid gw but with 
no grain. 

(.3) The juice with other treatments gave only semi-solid 

gw. 

In the other set of experiments the acidity was neutralized by 
lime water and sodium carbonate separately, and the result was 
that no solid gw, but only a dark sticky mass, was obtained. 

Slow or rapid boiling was found to have no great effect 
on the quality or nature of .(/nr obtained. Our experience seemed to 
indicate that continuous stirring, till tlie point of solidific-ation or 
setting, prevented the gw from becoming sticky. The following 
precautions were found to be essential to getting juice fit for gur- 
making, 

(1) Special care was required to clean the exposed surface of the 
tree and also the slit. 

(2) The leaves down which the oozing juice trickles into the 
pots should be fresh every day and should reach the bottom of the 
pot. 

(3) Fresh pots should be used every day or the used ones 
should be burnt or smoked before they are used a second time. 



528 


AGRICULTURAL JOURNAL OF INDIA 


[XV. V. 


(4) Pots should be fixed late in the evening and should be 
removed early in the next morning (one hour before sunrise). 

(5) Fermentation of the juice on account of exposure, etc., 
should be avoided by adding some such preservative as formalin. 

In February 1918, another set of experiments was con- 
ducted on a large scale in which the Bengal method of tapping 
the trees was practised. This method differs from the Thana 
method in three chief pointe : — (1) Surface cutting as against 
deep cutting, (2) collecting the juice in smoked pots, and (3) 
collecting the juice for three successive days and then allowing 
the trees to rest for two days so as to harden the exposed 
surface. 

The juice obtained by this method gave slightly different 
properties with regard to acidity, alkalinity, and fermentation. The 
pure juice, instead of being acid, was found to be amphoteric. 
The juice collected over-night and tested in the morning was 
clearly alkaline to methyl orange and acid to phenolphthalein. 
The Thana method was improved on the model of the Bengal 
method except in regard to that of cutting. Several experi- 
ments were performed on practical and economic lines to get 
gur from the date-palm juice collected from trees tapped both 
by the Bengal method and the improved Thana method res- 
pectively. These experiments proved successful in giving us solid 
gur of good grain. But. the gur obtained had a dark brown colour 
characteristic of the date-palm gur. This unattractive colour 
lowered the value of the gur to an appreciable extent and led us 
to devote our energies to find out means to improve the colour of 
gur. 

It is well known that when alkalies are boiled with reducing 
sugars, black-coloured products are formed. This suggested to us that 
the distinctly alkaline nature of the juice must be the cause of the 
darkening of gur. Hence, to improve the colour of the gur the 
following scheme was planned : — 

(1) To find out the extent of alkalinity or acidity together with 
their variations in different samples. 

(2) To see the effect of boiling on the alkalinity and acidify. 
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(3) Neutralization of the alkalinity by various organic acids 
in different proportions and the effect on the colour of gur. 

Samples of juice from different plants were separately col- 
lected under various conditions and their alkalinity and acidity 
were determined. Acidity is expressed in terms of grammes of 
caustic potash per 100 c.c. of juice, as determined by using 
phenolphthalein as the indicator, and alkalinity is expressed in terms 
of grammes of sulphuric acid per 100 c.c. of juice as determined by 
using methyl orange as the indicator. 



1 Fiist day's collootion 

Second clay's collection 

Alkalinity 

o-08(itooir>i 

0-047 toO-]G5 

Acidity 

O-OU) t<) 0-0.18 

0-014 to ()-0o;j 


The slight acidity that is present in the fresh juice changes, and the 
juice, when made to boil, becomes alkaline in reaction to both 
phenolphthalein and methyl orange. This indicates the presence 
of some alkaline bicarbonates and the fornmtion of some alkaline 
salts from alkali metals and organic acids. The alkalinity may 
also be due to the presence of some basic nitrogenous organic 
compounds. ; 

From different samples of juice, gur was prepared separately. 
Formalin and smoke treatment gave better results than lime or 
no treatment. The keeping quality of the juice was detcimined 
from the amount of fermentation and acidity formed. 

In working out the second pait of the scheme the organic 
acids taken for the neutralization of the alkalinity were citric, 
tartaric and acetic acids. The samples of juice taken for 
various trials of ^^wr-making were first analysed as to the amount 
of alkalinity and acidity present. The alkalinity was partly or 
wholly neutralized by the action of the required amount of citric 
acid before the juice was boiled. Each sample was divided into 

4 
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four parts consisting of two litres. One was boiled without any 
treatment to compare with the others under different treatments 
of acids. That trial which gave the best results was done on a large 
scale. 

We found out that the neutralization of alkalinity by citric 
acid, partly or wholly, always gave lighl and bright colour to the 
qvr though differing in crystalline consistency. As the result of the 
final trials, it was found that the addition to the juice of one fourth 
the amount of citric^ acid recpiired to neutralize the alkalinity, before 
the juice is taken for boiling, always gave lighter and brighter colour 
to the gtir with good grain fairly comparable with the best Poona 
yellow-coloured cane gvr. 

Om samples from the juice treated with acetic acid were 
rather soft and sticky with no good taste, although the colour was 
light. 

Gur samples from the juice treated with tartaric acid were 
solid and crystalline. There was some change in the colour, but it 
was towards deep red and not towards light and bright yellow colour 
(the one which is so much desired). 

From calculations made in accordance with the aliove resxdts 
it was found that for eighty -four gallons of juice about a jaamd of 
citric, acid would be necessary to get the best quality of gvr. Taking 
that 7 per cent, of citric acid is present in the lemon juice, about 
17 pounds of lemon juice wo\ild be necessary for 100 gallons of date- 
palm juice. 

The work of getting lighter coloured gur by the use of citric, 
acid was done independently (an original idea in February 1918) 
and long before the publication of a similar work done by Messrs. 
Annett, Pal and Chatterjee {Mem. oj the Dept, oj Agric. in 
Indio,, Chem,. Series. Vol. V, No. 3, September 1918). The detailed 
leport of the work will soon be published as a Bulletin on toddy 
by the Deputy Director of Agriculture for whom the w'ork was 
done. 

The results about the analyses and other important deter- 
minations are given in the tabulated statements below. 
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Armlyars oj gurs treated in different ways. 



Percevtaoes on aujt 

Alkalinity ' 
j 111 terms ot 

1 grammes of 

1 KllljlllllllC 

1 acid jicr 
loo gi a mines 
. off/// /'With 

1 nnthyl 

! oiang(‘ 

1 

Kind of tn'at mcnl 

Moist me 

1 

1 

Ash 

1 

1 

Non- 

reduc- 

iim 

su‘i:ais 

Pveduc- 

11114 

su'-fais 

I )jiih-coloured rjur prejiared 
on a iarufc scale by oidi- 
narv ])rocess and })ut in 
hlocks 

_ 

1 

o-rio 

1*55 


1 

j 

o-rw) ' 

i 

o-7t*;; 

Dark -coloured tfU} ])re]«ai(Ml 
on a lariije senh* In oi<li- 
nary fuoccss and pul in 
(‘{irthen pots 

1 

1 

l-sn 

1 

i 

1 

i 

70 7.") j 

1 

I 

f-Oo 

O'h : 

Semi-solid (fut by ordinaiy 
jiioc(‘ss 

i 

7 -nr. : 


1 

1 

! 

It ’07 2 

Solid quf with no treat- 
ment (on a small scab') . . 

o 0( I I 


1 

' 

0 177 

(fUt with one-fourth Iho 
a, mount of citnc acid 
icifuin'd to fiiHy iHMitialize 
thejuic(‘ 



1 

! 

(1 SoS 


1 


ffyr with ono-lialf tiu* 
siinoiiiil of citric ncid 

rc((iiii‘(*^l to fully nfiiiral- 
izctlicjmcc' .. 




(l-TO*! 


Oftr with whole amount of 
citric acid required t(» 
fully mndralizo iho juice. . 




(1 oTl' 


Aridity in 
ti'iniH oi 
i'lanmies of 

caustic 
]H)ta'^li ]»er 
lOM aiamnu's 
of tjui with 
])hcnol- 
])iithalciii 






t>-29l) 




o-^nii 


O’tiTT 


tIdiTT 


Our with no treatment 


Our with small amount of 
tartaric acid . . 


Our with one-third the 
amount of tartaric acid . . 




r>'SO 


h H5 


n-177 

nntis 

n-tin7 

o-ri72 




0*212 


0*4^4 


0*077 


Ovr with acetic acid 
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Effect oj boiling on the alkalinity and acidity oj the juice. 




1 

i( Indicator metiiyt. 

ORANGE) 

(Indicator piie- 

NOLPHTHALEIN) 

(Indicator phe- 
nolphthalbin) 


(Jtjlour 

1 Alkalinity in terms 

I of grammes of 
sulphuric acici per 

1 100 c.c. of juice 

Alkalinity in terms 
of grammes of 
sulphuric acid per 
100 c.c. of juice 

Acidity in terrtis 
of grammes of 
caustic potash per 
JOO c.c. of juice 

No. I 





Fresh juice (compo- 
site sample) 

Dull ! 

1 

0-110 

•t* 

0-048 

At scum forming 
(Temp. 70 to 

80°C.) 

1 

Brownish 

0-119 

0-014 

nil 

At boiling (Temp. 
98®C.) 

Brownish 

0-109 

0-018 

nil 

r o. II 





Fresh juice (com- 
posite sample) 

Clear 

0-0y5 

nil 

0-033 

At boiling 

Brownish 

0-095 

0-018 

nil 

No. Ill 





Fresh juice (com- 
posite sample) 

Dull 

0-104 

nil 

0-038 

At boiling 

Brownish 

0-104 

0-018 

nil 


After boiling, the juice became alkaline to phenolphthaloin (which was aoi«l before to the 
same indicator). 




THE INFLUENCE OP STOCK AND SCION AND 
THEIR RELATION TO ONE ANOTHER.* 


BY 

S. H. PllAYAG, M.Ag., 

OJ the Department of Agriculture, Bombay. 

Introduction. 

In foreign literature much has been written regarding this 
subject. Knight ^ gave an account of the injurious influence of the 
plum stock upon the apricot as far liack as 1823. An article also 
appeared in Gardener’s Chronicle in 1853. Fuller treats this 
subject at some length in his book on the “ Projiagation of Plants ” 
written in the year 1887. Amongst the modern and leading horti- 
culturists, Bailey has dealt with this question in his “ Nursery Book.” 

But the fruit plants dealt with by these writers are unsuitable 
to Western India. In the Bombay Presidency there is veiy little 
on record bearing on the above subject, though work on it was 
conunenced in the Ganeshkhind Botanical Gardens in 1909. In this 
article it is intended to j.ut together all the available material 
regarding some important f) uit trees and other plants of importance, 
with a view to invite suggestions and criticism. 

The union by grafting may be made between plants of different 
varieties of the same species or of species of the same genera. It 
may also be made between plants of different genera of the same 
natural order. The method may be employed for the followin.> 
reasons : — 

(1) To induce early bearing. 


* Paper read at the Seventh Indian Science Congress, Nagpur, 1920. 
^ Horticultural Tramactions^ Vol. V, p. 287. 
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(2) To produce superior varieties. 

(3) To encourage strong and vigorous growth of plants. 

(4) To multiply plants of those species which fail to seed or 

which cannot be propagated by any other vegetative 
methods of reproduction. 

(5) To dwarf the size of plants. 

(6) To minimize the number of thorns. 

Let us now consider the effect of different stocks on the scions. 


J^REFERENCE OF SOME STOCKS TO I'ARTICULAR 
SCIONS. 

In order to ascertain tiie best stock on which to bud any variety 
of orange, piimelo, lemon, etc., trials were made in the tlaneslikhind 
Botanical (lartlens, since 1909, by Mr. H. P. Paranjpe, Assistant 
Kcononiic Botanist, in which all the available varieties of (JUrm 
in the Deccan were budded on the following stocks, viz., Mahal/umja 
{Cilrm medica, proper), Janiheri {Citrm medica, var.), orange, aj\d 
Keslimi oiange {Citrus auraMium). The following results were 
obtained 

'I’he Nagpur and Poona oranges, as also Ladoo and Kawla 
oranges, were found to be indifferent, in growth on Maliuluwfa stock. 
Mosainiji, Maluduwfa, Haklmr-limbu, J aniheri and Pumelo ])lants were 
in gootl condition on this stock. If conclusions are to be drawn 
from sevcJi years’ trials it may lie said that scions of hardier varieties 
with thick bark from large round stems did well on Mahalunga 
stock. 

If the Maludurtga stock preferred some particular scions to otliers, 
the Jamberi stock welcomed all. The bark of Jamberi is very 
mucilaginous and separates more easily from the wood below than 
that of MaJialunga, and this seems to be one of the reasons why the 
Janiheri is preferred as a stock plant. 

'riie orange has not been found to be a good stock especially 
for thick-skinned scions such as Pumelo, Sakkar-Utnbu and Mosambi, 
as the part above the insertion of the bud quickly dries up after 
prumng and turns black. 
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Influence of stock on the vigour, habit of growth 

AND YIELD OF THE SCION. 

Apart from the question of the more ready union made hy 
some stocks, there is another and most important question. This 
concerns their capacity to increase the hardiness of the scion. The 
following are examples 

“ With regard to mangoes ^ it was found that the Bombay 
grafts were seriously affected by frost, each year, when grown at 
Pagara. The Tchuds and ravines of the Pachmarhi Hills are full 
of wild mangoes and it has now been found that if the Bombay 
varieties are grafted on the wild Paehmarlii seedlings the resulting 
trees, without deteriorating in quality, are quite frost-resistant, a 
fact which is wortli noting by many growers in the Central Pro- 
viiuies, who are troubled by the annual destruction caused by 
frost.” 

In tlie (laneshkhind Boianical (hudons, during the flood of 1912, 
the MaJiahmga plants on their own roots were gicatly affected. 
Leaves on the parts that had been submeiged withered and dropj)ed. 
'Pile twigs bearing such leaves also succumbed in soiiie cases. But 
the Mahalumja plants on Jmnheri stocks in another submerged part, 
of the same gardetj did not sufler in any way. 

These two examples indicate that the stock has a definite 
ability to communicate to the scion its own power of resistance. 

Besides, the habit of growth of the plants is affected in a marked 
degree by the stocks used. A tall-growing variety induces the scion 
to come up to a good height in contrast to a scion grown on a 
busliy stock. In the Ganeshkhiud Botanical Gardens six plants of 
each type of Citrus were jilanted in 1910 on stocks of Jamberi, 
Mahalwuja, Reshmi orange, and orange. In this plantation it is 
peculiar to note that plants on Jamberi stock are decidedly superior, 
both in height and appearance, to t hose on other stocks, and that 
plants on Mahalunga stocks are decidedly bushy in habit as compared 
with those on other stocks (Plate XXXI). Sorauer^ says: “It 


} Agricultural and Oo-operalive QazcUCt Nagpur, Vol. IX, 8cj)tcmber 1915, p. 15. 
9 «< Treatise on the Physiology of Plants,” p. 195. 
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is well known that certain stocks have a very pronounced effect 
upon the habit of growth of the scion. Apples grafted on Paradise 
stock or dwarf stock {Pints prwcox) remain of short stature and often 
produce flowers in the year following the grafting. Grafted on the 
Doucin, the varieties become bigger and fruit later ; on the crab- 
apple the tree retains a normal growth, but the crown does not 
produce flowers for a considerable time.” 

The following is another example : Crescentia ahia is a plant 
belonging to the order Bignoniaceae the flowers of which scarcely set 
fruit in Poona. Only once in the course of ten years has it produced 
two fruits in the Ganeshkhind Botanical Gardens, but these dropped 
down before they became fully ripe. Vegetative methods of repro- 
ducing this plant, viz., by gooty, cuttings, and layerings, adopted 
by the writer in the rains of 1913, failed, though a considerable 
amount of callus was formed at the cut ends. Hence, recourse had 
to be taken to reproduce these plants by grafting on a sister species, 
viz., Crescentia cajete. Three grafts of these were obtained in 1914 
but all of these are making very slow growth, scarcely attaining 
three feet and' remaining very dwarf in size, thus indicating the 
effect of stock on the growth of the scion. 

Regarding the influence of stock on the productive capacity 
of the scion, very little information is at hand. The experiments 
on grapes conducted by Mr. H. V. Gole, the well-known grape 
grower of Nasik, and mentioned in the “Agricultural Journal of 
India,” Vol. XIV, Pt. 1, pp. 119-120, show that PAaitodi variety, 
which is a shy bearer, if grafted on Bhokari, a prolific bearer, has been 
found to give an extra yield of 2 lb. per plant. 

In the Ganeshkhind Botanical Gardens the Phakadi scions were 
inserted on Bhokari in the rains of 1916. Six plants of these are 
now in the ground. They have not as yet flowered. 

Undesirable combination of stock and scion. 

So far I have dealt with the influence of stock on the scion, 
but there are cases in which the affinity between stock and scion is 
slight. If the stock and scion plants have different periods of dor- 
mancy or activity, or if one be a tree and the other a small plant. 
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and if such plants, though belonging to the same genera, are grafted, 
the result is that the active part temporarily grows but soon fails, 
ultimately causing the death of the tree. The following are some 
of the examples : — 

On 27th May, 1913, ten enarch grafts of Neem {Azadirachta 
indica) were made on Bakan {Melia Azedarach) stocks by the writer. 
Besides, 25 buddings of the same were done on Bakan stocks in May 
and Jvme 1913. Nine grafts and 
five buddings in all succeeded, 
and these were planted on 17th 
July, ,1914. These grew well for 
a year when two grafted and 
three budded plants withered. 

One budded plant flowered and 
fruited in March 1915 and 1910. 

The fruits had the normal 
characters of the Neem. This 
plant as well as otlier budded 
plants withered in June 1917. 

By this time only four grafted 
plants were doing well, but 
they had formed a big knotty 
excrescence at their grafted 
portion with shoots from the 
stocks constantly appearing. 

This knotty excrescence seeijis 
to arise from the obstruction 
which the descending sap of 
the Neem tree meets at the Formation of a big knotty excrescence 
ixmction with the Bakan stock, Rrafting. stock- 

Bakan ; Scion— Neem. 

for the effects produced upon 

the growth of the tree are similar to those which occur when the 
descent of sap is impeded by a ligature. 

The fig plant {Ficus carica) was grafted on the Umber {Ficus 
glommUa) in the rains of 1909. Three successful grafts were 
obtained and were planted in June 1910. These grew well for 
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about a year but afterwards failed as the fig began to wither 
at the resting period of Umber. 

To cite another instance, Jforrma HorsjaUioe is an ornamental 
creeper, attractive for its large and rich, glossy, rose-coloured 
flowers. Bach single plant costs Rs. 3 on account of the difficulty 
of propagation. Attempts were made by Mr. P. G. Joshi, Superin- 
tendent, Ganeshkhind Botanical Gardens, to increase the plant by 
grafting it on Ifomcea carnea. a plant commonly found in gardens 
and easily multiplied by cuttings. One graft made in October 
1917 succeeded after two and a half months. The plant grew 
well for about ten niontlis when it withered as the stock plant was 
then at its resting time. 

If thus the period of activify or the rate of growth of stocks and 
scions are entirely different, there is a considerable check in the flow 
of sap with the result that the plants succumb. 


1nfluen(!K ok scion on the stock. 

Let us now consider the influence of scion on the sto('k. As a 
rule, in all fruit plants the scion has a preponderating influence ; 
and the plant hears the same quality of fruit as the scion. It. is 
generally believed that oi'anges grafted on Sakhar-limbu or orange 
plants become much more sweet than oranges on Jamberi stock, 
but experience teaches otherwise. In all cases of such grafting the 
quality of the scion alone predominated. This phenomenon is 
explained by Sorauer ^ as follows : “ fl’he t^ambium is a tissue the 
young cells of which have inherited from their first formation the 
tendencies of their mother cells and therefore continue to function 
in the same way, forming the same sort of cell-wall and cell contents 
as their predecessors did. The charaefers of the scion as well as 
those of the stock will develop themselves separately in their several 
tissues.” 

The position of the scion, however, does influence the flowering. 
The following are examples -In August 1914, in the Ganeshkhind 
Botanical Gardens, a thirty-year-old Shaha-buddin mango-tree was 


‘ “ Treatise on the Physiology of Plants/^ p. 194. 
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used as stock and five brandies from grafted plants in pots were 
transferred to it by grafting. The scions were grafted on to the 
end of well -ripened branches. In January 1915, two of the scions 
bore inflorescences but did not develop fruits. 

Also in August 1914, one branch of Borsha, a grafted mango 
plant in pot, was transferred to a big country plant and this bore 
two well developed fruits in May 1915. 

In both the above cases the pot-plants from which the scions 
were taken produced no inflorescences, although branches similar 
to the scions were purposely left to see how they would behave. 

In Bassein Garden, a country mango-tree of about 39 years old 
was heavily cut back on March (>, 1912. Many new shoots sprang 
up from stumps and on these shoots were grafti'.d scions of Aljihonse 
and Sakliaria varieties on May 22, 1J>12. Grafting was done by 
enarcli from plants in small pots tied near the branches of the stock. 
Out of 40 scions thus placed, three flowered on January 22. 1914. 
The first crop of 38 fruits was obtained from this tree in JuiK' 191(5. 
'riie oiiginal plants in the pots from which the scions were taken had 
not flowered by tliis time. It seems rational to assume that the 
position at the end of a l^ranch in the system of a big tree is likely 
to accelerate flowering. 

In the above instances, the scions were of mature wood, but 
if young and immature scions are inserted, one would hot naturally 
expect such early flowering. 

In the Ganeshkhind Botanical Gardens, 28 one-year-old mango 
seedlings were transferred, in August 1914, on to branches t>f ripened 
wood that were likely to bear inflorescences in 1915, on country and 
Shaha-buddin mango-trees ; but none of these transferred young 
seedlings bore any inflorescences, though similar shoots, bearing no 
grafted seedling branches, had passed three flowering stagtss. Simi- 
larly, on a five-year-old guava plant 24 scions of Sind-Hyderabad 
variety of four months old were transferred on 19th January, 1919. 
Twenty -one of these survived but none of these have flowered though 
the plant passed one flowering stage. From the above it may be 
seen that mature scions produce flowers early and that immature 
scions go on making vegetative growths, no matter where they are 
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situated, and produce flowers when sufficient plastic material has 
been formed in the shoots. This condition may, to a certain extent, 
be hastened by the stock of an advanced age. The results are, 
however, still inconclusive, but the question has an important 
practical bearing, as, if early flowering is induced on such young 
transferred branches, considerable saving of time would be assured, 
and such plants as hybrid and polyembryonic mangoes, seedless 
guavas, etc., would be forced to reveal their characters at an early 
date. 

Insertion of more scions than one. 

Very often more scions than one can be inserted on the different 
branches of the stock. This is done more for curiosity than for 
any practical utility. In Goa the writer has seen three different 
scions inserted, viz., Fernadin, Musherad, and Pairi on three 
branches of a country mango. These were all in fruits. On a 
top-worked country mango-tree in Bassein garden, the following 
varieties were harvested from a single plant in June 1916: — 

30 Pairi fruits. 

2 Alphonse „ 

4 Batloe „ 

2 Sakharia „ 

In the Ganeshkhind Botanical Gardens, on an Edward rose 
plant the following eleven varieties were budded in January 1913, 
(1) Madam Furtado, (2) Cook Peach, (3) Devoniensis, (4) La- 
France, (5) Madam Halphen, (6) Glorie de Dijon, (7) L’ Avenir, 
(8) Nephetos, (9) Belle Lyonnaise, (10) Annie Laxton, and (11) Aimee 
Vibert. Of these, numbers 10, 3 and 7 grew with more vigour 
than the rest. Nos. 4, 9, 6, 3 and 6 were in flowers in January 1914, 
but none of them gave as many blooms as they would otherwise 
have done. This is as one would naturally expect, as the distribu- 
tion of sap is not equal in all cases. 

It is, however, not desirable to put in more varieties than one 
on single stock, as the one that is more vigorous draws a larger 
amount of nourishment from the stock to the detriment of others 
with the result that they ultimately starve and die. 
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Graftino between different genera of the same 

NATURAL ORDER. 

There is now only one aspect of the question with which I wish 
to deal, and it is in regard to the influence of stocks and scions of 
different genera but belonging to the same natural order. Collins ^ 
says : — “It is said that in Martinique the mango has been successfully 
grafted on the cashew tree (Atmcardium occidentale) and it is 
further stated that seedling mangoes, so grafted, produce fruit 
double in size, free from fibre, and with the seed so reduced that it is 
frequently without the power to germinate. The fruit, although 
melt ing and very juicy, is said to be without flavour.” Collins 
Qomments : “ These results as reported are so radically opposed to 
those usually obtained from similar experiments that they are not 
likely to be generally accepted until verified.” 

In the Ganeshkhind Botanical Gardens, the following experiments 
were conducted by the writer : — Grafting of mango scions on stocks 
of Semecarpus Anacmdkim was done in July 1910 by the crown 
whip, saddle and tongue grafting methods. The scions remained 
fresh a little time and then died. Similar graftings were made on 
Spondias mangifera and Spondim acuminata but without success. 
A similar experiment was made in 1914 when 12 mango scions were 
enarched on to Semecarpus Anacardium stocks on August 12 and 
November 3. Two mango scions were also enarched on to Uoli- 
garna grahamii stock but none of these took. 

In the AnacardiacesD, therefore, grafting between different 
genera has met with failure. 

The propagation of Chiku {Achras sapota) by seeds is a matter 
of considerable difficulty. The nursery-men, therefore, often 
employ Ryan {Mimosops hexandra) seedlings as stocks and graft them 
with Chiku for commercial purposes. Such plants no doubt are 
vigorous growers, but it has been found by experience in Bassein 
garden that they do not yield more than 15 fruits per tree though 
Chiku plants grafted on their own stocks yield more than 200 
fruits. 


* “ The Mango in Poirte-Bioo, ” p. 19. Queting Jumclli’e C nlluiee ColonuJes, p. 201. 
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Conclusions. 

The following are the conclusions arrived at : — 

1. Some stocks have a distinct preference for particular scions 
while others have no sucli preference. 

2. The stock plays a great part in influencing the habit of 
growth and hardiness of the scion. 

3. The formation of a big knotty excrescence that takes place 
at the grafted portion in plants, whose rate of growth is not similar, 
considerably (hecks the growth of these plants. 

4. Plants composed of parts which have different periods of 
resting fail to grow into big plants when grafted. 

5. The scion has a preponderating influence in producing its 
own quality of fruit. 

(i. The position of the mature scion at the (uid of a branch in a 
big tree does influence the flowering. 

7. It is undesirable to insert scions of more than one variety 
on the branches of a single stock. 

8. The grafting between different gencua, though taking place 
in some cases, has not been found succt'ssfiil in the mango. 

D 
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THE (JEOWTIT OF THE 8UGAHCANE 

«Y 

V. A. BAHBKli, (’.I.E., Sc.D.. F.L.S. 

IV. 

Thr (‘lump or bmicli of cniios io'tlK' fiold consists of tlio total 
output of shoots from one planted set. It is usually made uj) of 
s('.veral perfectly independent ])lants, each of which has arisen 
from a separate Imd on the set. The growth ot these separate plants, 
de])ending on the amount of food and space availahle, varies a 
great deal, some being large and dominating the whole clum]> while 
others are often small and insignificant, and the canes and shoots 
belonging to all of them interlace in all directions. We have s(*en 
that to make out the branching systems of the distinct plants, a 
rather tedious process of di.ssection is necessary, but that, after 
this has been done, we can constrixet a formula for each plant. 
And, when we dissect a number of plants of any one variety, we can 
obtain an average varietal formula which tends to become simpler 
and more symmetrical the more dissections are made. We can, 
in the same way, obtain a formula of each group of cane varieties, 
and we have seen that these group formula* show considerable 
differences from one another, so that the way in which a cane 
branches becomes an important character in classification. 

In our formulae we have used different letters to indicate 
branches of different orders. Thus, if we call the main shoot from 
the original bud on the set a, the branches arising directly from it 6, 
those from b, c, and so on, we can put down the system in algebraical 


♦Reproduced from the Intamational Sugar Journal, Fobiiiar}" 11)20. 
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form and our plant formula runs somewhat as follows : o di + 
yc ■{ zd These fornaulse for the individual plants 


are ol great service for obtaining the averages of the varieties and 
ultimately of the groups, but we have found that, for the purpose 
of visualizing the branching in a plant, we must use another method, 
that of diagrams. In the 767 p^nts dissected for this piece of work, 
we have made a diagram of each as it lay on the table, and in these 
diagrams it has been possible to include many points for which the 
formulse were unsuited. In the diagram the intricate interweaving 
of the branches is supposed to be unravelled and the whole plant 
laid out in an orderly manner on the table. Such a diagram is given 
in Plate XXXII, namely, that of a plant of Saccharum (mirdinaceum, 
a tall, thick-stemmed, wild cane of India. It will be seen that in 
this diagram certain conventions have been introduced which will 
require explanation, and for their elucidation we have selected 
another diagram, that of a very strongly grown YiAa plant (Pig. 1) 


Ywba 1916 (ti monlhs old) 

One ciMmp wifli fwo plant’s. Only the larger plant is drawn. 



d^4>Tb4>l6C't-8d4>e 
RunFitFS ib<f SLC 9d 


Fig. h 
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which, it will be remembered, belongs to the Pansahi group of Indian 
canes. The canes and shoots in this plant were in a veritable 
tangle, this being caused by the great growth of h2, which has 
developed a number of runners, to be referred to directly. In 
this diagram the main stem and the branches of different orders 
are marked by their appropriate letters -at their ends, and a different 
form of line is used for each. The main stem a is indicated by a 
thick line, hs by thinner lines, cs by lines made up of a series of 
dashes, ds by alternate dots and dashes, es by dots, js (Plate XXXII) 
by zigzags. The formulas were, from the first, merely intended 
to give a statement of the canes at harvest, and only those branches 
in the diagram have letters attached which would, in our opinion, 
form canes during the season. But, because of the length of time 
taken in the dissections (that of the shown took some three 

days, and the work was spread over several months each year), 
many of them had to be dealt with some time before harvest time. 
This is shown in the diagram. Those branches already forming 
full-grown canes are brought up to the upper limit of the figure. 
Of the immature shoots, those which are cane-forming at their 
base and would have time to mature by crop time are marked cf 
at their ends, and the length of each immatuie shoot is given in feet. 
All resting buds are ignored, as taking no part in the growth of the 
plant, but such as have begun to grow, either by great swelling or 
actual bursting, are included in the diagram. Cane varieties differ 
very much in their development of shoots at the base at reaping time, 
some having practically none while others have a regular sheaf of 
them, and this character finds its place in the diagram. As is well 
known, many deaths occur in the dense mass of the bunch, and 
these have always received careful attention in the dissections. A 
dead branch is marked by a short cross line at its end, and a similar 
convention is applied to dead buds, which are shown as very short 
lines with a cross line at the end. Lastly, in their struggle to place 
themselves in a suitable space for unimpeded growth, shoots are 
capable of altering their position by forming runners undergroimd. 
These are distinguishable by the intercalation of several long, thin 
joints between series of very short ones, and occur before the cane 

5 
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commences to increase in thickness. They are marked in the 
diagram by thin lines placed under Ihe elongating part. Where the 
cane is attacked by insects an asterisk is inserted, generally with letters 
indicating the kind of atlack. Thus m. h. sigiiifies moth-borer, 
w. a. white ani.s. and so forth. All of these conventions are illustrated 
in the Yitba diagratn, especially a large number of runners, owing to 
the great effort made by h2 in its gro\Hli. 

On the sheet containing the diagram of ajiy plant dissected 
various memoranda are wiitten down, some of which are mentioned 
here and others reserved for the next, article. Tn the Ynha plant 
described we have the following : — 

(*anes formed, a -|- Ih -j- 15c-f- 6d -f-e. 
fanes at harvest, a j- Ih f 16c -|- 8d +c. 

Shoots not cane-forming, h 1 3c -|- Id -\-e. 

Bursting buds, b -\ 13c 4 48d 25e [-4/. 

Deaths, % + 9c -j- Id. 

Runners, h \- 2c -\- 3(?. 

Considering the great irregularity shown by the plant in its 
growth, it is somewhat remarkable how nearly the canes at harvest 
come to a perfectly symmetrical formula. The great number of 
bursting buds shows how liealthy the plant is and this is borne out 
by the very deaths in such a large number of buds and shoots in 
active growth. There are few shoots not cane-forming, whicli seems 
to indicate that the plant is maturing properly. 

It was early noted that the members of the Pansahi group of 
Indian canes were marked by great regularity in their branching 
systems, and sometimes the way in wliich the canes grew was distin- 
guished by almost mathematical evenness. Thus many facts of 
interest in the growth of cane were first noticed in the dissections of 
members of this group. It would have been impossible to have 
discovered these facts in the Saretha group, although they were 
aftcTwnrds traced there too, for the Saretha varieties are very 
irregular and untidy in their habit, crossing and falling about in every 
direction, sliowing many deaths and developing many runners. It 
is somewhat curious that a similar distinction c,an be drawn between 
the two cane-forming wild Sacchamms of India, S. arundinaceum 



THE OROWTH OF THE SUGARCANE 


647 


and S. sponianevm (the other wild species of this geinis do not form 
solid canes but are seen as great tufts of grass). There are many 
points of likeness between the formula' of growth of Pansahi and 
S. arwudiwtrmm and there are also marked resemblances between 
those of Saretha and S. spfHdanemH, suggesting the possibility of 
genetic connexion between the two pairs respectively. But although 
this certainly holds with the Saretha-/S'. sjwidanrinn likenesses, 
all attempts to find additional morjdiological connexions between 
Pansahi and (S', arundimemm have failed completely. Enough 
details have, however, been collected to suggest that the Indian 
canes, at present classed together with the thick canes of the tropics 
under the species 8. ojfichmrmn. may have aiisen from several 
distinct, wild parents (some of which like 8. sjmUane'iim are still 
living, whereas others have not persisted in their wild form), 
while the thick canes may be the descendants of a different though 
closely allied form. 

We have dealt somewliat fully with the branching system 
of the members of the Pansahi group of cane because they are of 
special interest at the present inoinent. This group includes, as we 
have seen, the Yufxi cane of Natal and, according to local descrip- 
tions, also the Agaul recently imported t o Natal from India ; 
Kavangire also appears to belong to, and is con-sidered by some as 
identical with, Yvha ; perhaps the Zwinga and other canes in Brazil 
may also be included. These are canes inferior in many respects 
to the thick, juicy, tropical ones, but it is evident that they have 
their uses, because of their general hardiness in unfavourabh' co}idi- 
tions, their great tillering power and suitability to the extra-tropical 
cane-growing regions. It seems likely, from the latest reports, 
that they will enter more and more into the tropical cane industry, 
wherever, for some reason or other, thick canes are having a 
temporary set-back. 

In the nature of the case, the thick canes will appear to have 
received less attention than the groups of Indian canes, but this is 
because they have been taken together as one group in the dissections. 
They have by no means been neglected, for as many as 53 plants of 
various thick canes have been dissected. They present, on the whole, 
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a much simpler form of branching than the Indian groups, and it 
would be interesting to determine how far the differences noted in 
this and the next paper may be traced in different varieties of tropical 
canes. There is little doubt that such differences exist, but no 
work has at present been done on them in this direction. In Plate 
XXXIII, fig. 1, the dissection is shown of the three plants of a rather 
poorly developed clump of a variety of unknown origin named Java 
in South India. It is in a young stage, but it does not appear likely 
to produce any more canes at harvest than those shown. In Fig. 2 
on the same plate a first ratoon of Mauritius ready for cutting 
is shown and in both cases the original set is still attached to the 
plant, so that the whole system is displayed, including, in the ratoons, 
the cut ends of the canes reaped in the first year. Text-fig. 2 gives the 

Red Mawrifiws Ral’oons 

Two ratoon plants at Coimbatore (20 months old) 


d4f ds bs d6 da ds di di da da, ba ea 



1915- 16 a + ab (915-16 a + ab-i-ac 

1916- i*T •b'+ed i9i6-n . •b4-c-t‘ad-4>ae 


Pig. 2 

diagram of this ratooned plant, the dots at the ends of the branches 
signifying canes cut at harvest. There were three canes reaped 
in the first year and seven are ready for reaping in the ratooned 
plant. There are no shoots forming, nor are any buds burstbg; 
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deaths are few, as only 13 can be counted in the two years. The 
diagram on the right is also one of a ratooned Red Mauritius cane» 
dissected at the same time and place. It is apparently a much 
more well developed plant. There were five canes in the first year, 
but the number of canes in the ratoon crop are seven as in the former 
case. There are 16 bursting buds, 10 young shoots, and as many as 
63 deaths. It would be a matter of great interest if the growth 
of these two canes could be carried one year farther, as it is to my 
mind doubtful as to which of the two would produce more canes 
then, because of the great number of deaths in the bigger plant. 
One is tempted to compare the two with two runners arriving at the 
same moment at the winning post. One has used up every ounce of 
his strength while the other has plenty of spare energy which he has 
not however made the best use of. 

Now a good deal of this rather intricate description of this part 
of the growth of the cane will, at first sight, appear to be rather of 
academic than practical interest. In the next article we shall study 
the characters of the canes of different orders of branching, and we 
shall see that they not only differ in the rapidity with which they 
grow and mature, but that the joints differ in length and thickness 
and in the richness of their juice at harvest time. These arc all 
points of great importance in the crop, especially with regard to 
determining the best time for cutting the canes. 



WATER HYACINTH : A MENA('E TO NAVIGATION.* 


BY 

ETHKLBERT JOHNSON, 

IWhinml Asmianf, Division oj Plant Industrf/, Slate Department 
oj Agriculture, Calijornia. 

Florists in southern (Wifornia offer for sale a beautiful 
aquatic plant ealled water hyacinth {Eiclmnia crassifes Solms,). 
This plant, so highly prized in aquaria, and its near relatives, the 
pickerel weeds, have come into ill repute among navigators in 
tropical and subtropical waters, and nioie e.s])ecially in tlie Gulf 
States, where the enormous sums expended in clearing streams of 
this pest have earned it the name of “ million dollar weed.” The 
history (jf its establishment is not known, but it was certainly 
introduced as an ornamental aquatic, and is said to have been 
planted in a pond near Falat.ka, Florida, where it. soon became so 
abundant as to necessitate control measures, arid it was taken up 
and thi'own into the St. Johns River. 

In addition to interfering with navigation the abundance of 
water hyacinth in the St. Johns River and its tributaries at one 
time caused an annual loss of about one-fourth the value of the 
logs rafted down the river from the valuable forests of cypress, pine^ 
and red cedar bordering on that stream. The fishing industry also 
suffers, because of the difficulty encountered by fishermen in setting 
their nets. In time of flood, the bridges have sometimes been too 
low to allow the collected mass of plants to pass under, and the 


* Re])niit('d from the Ctdifurtim Monthly BuUelin, Vol. IX, No. H. 
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pressure has overturned them. Moreover, the rank and decaying 
vegetation has been declared a menace to liealth and sanitation, 
as it not only affords a shelter and breeding place for disease-carrying 
insects, but interferes with the disposal of sewage. 



Fifj. I. Water hyaciiiUi (EicMornia crasHipes SoIiiih.). 


A description of the plant and its habits, with a view to consi- 
dering the possibility of its becoming established in the navigable 
streams of California, and a consideration of the methods whereby 
its control has been attempted, is the object of this paper. 


De.scription. 

The plant is a floating peiennial, the leaves forming in rosettes 
usually one to two feet in height from the surface of the water. 
The leaves are of two kinds : those below the surface of the water 
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are long and narrow, while those above the water line are usually 
broad, obovate to nearly circular. -The leaf stems are enlarged 
into oval bulbs filled with aircells, especially in young plants and 
when the plants are growing in small groups. When the leaves are 
crowded the bladder-like petioles are not so large. 



Fip^. 2. An inland creek completely covered with water hyacinth. 


The stem which bears the flower is about a foot long, with a 
single leaf and several wavy-margined sheaths at and above the 
middle. This stem bears about eight flowers in a loose terminal 
spike. The flowers are funnel-shaped, pale violet in colour, with six 
lobes, the upper of which is larger than the others and has on it a 
large patch of blue with an oblong or pear-shaped spot of bright 
yellow in the centre. The stamens are all curved toward the tip, 
three of them long and three short. The seed pod is three-celled, 
becoming an egg-shaped or elongated capsule with the withered 
perianth remaining attached. 

The plant produces numerous seeds. At maturity, the stem 
bends so as to immerse the pod. Propagation is also by means of 
runners which send out roots from the nodes. 
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The roots are of two kinds : horizontal roots, which are often 
thick and fleshy and pieces of which will grow readily ; and vertical 
roots with a slender, wirelike stem, often as long as two feet, covered 
with small fibrous roots which give them a feathery appearance. 
The roots are exceedingly numerous, forming a dense brushy mass. 
Where the water is shallow, the roots penetrate the soil and become 
anchored, but in deeper water they float freely. 

The tops are easily killed by frost, for the plant is a native of 
tropical South America, but the root system is kept alive by its 
immersion in water. The growth is most vigorous in sprijig. During 



Fijf. 3. Floating masses of water hyacinth. 


the season of low water the leaves become yellowish and growth 
appears to be retarded. After the plant has been established in any 
locality for a number of years, the growth is less vigorous than when 
young, but after a flood it resumes its vigorous growth in response 
to the new supply of nutrient material. It is quite sensitive to salt 
water, but thrives in subsaline or brackish water. 

Control. 

The water hyacinth is so abundant in Florida, Louisiana, 
and Texas as to obstruct navigation in the waters emptying into the 
Gulf of Mexico. Its eradication was entrusted in 1899 to the United 
States Engineer’s Ofl&ce of the War Department, to which was given 
“ authority to remove the plant by any chemical, mechanical, or 
other means whatever.” From that time the Engineer Office has 





554 


AGRtCUtTUBAi JOURNAL OR INDJA 


[XV, V. 


worked continuously on eradication, and has spent hundreds of 
thousands of dollars in attempting to remove it from navigable 
streams. 

No method has ever l)een found which will completely remove 
the plant at a reasonable cost, although every known chemical 
has been experimented with ; but the solution which has been found 
most effective is an arsenical spray. 

The water hyacinth is eaten with relish by stock, and in Florida 
its use as a feed had become so well established that it was considered 
necessary, in making an appropriation by the Rivers and Harbours 
Act of 1905 for the removal of the plant from the St. Johns river 
and other navigable streams of Florida, to insert a proviso that “ no 
chemical process be used inj urious to cattle. ” It was at first attempted 
to break up the masses of the plant and push the pieces into the 
current, but this was found unsatisfactory and exceedingly cxjrensive. 
Since 1909 an elevator fixed to a barge has been used which gathers 
the plant in much the same way as kelp is gathered. Fixed booms 
are maintained across non-navigable streams to prevent the plant 
floating into navigable streams, and movable and semi-automatic 
booms to prevent its floating from one navigable streaitj into 
anotlier. Labomers and watchmen are employed to detect or prevent 
the spread of the plant. 

In the other (lulf States, the use of chemicals is not prohibited, 
and although some difficulties are encountered by owners of stock 
along the stieams jillowing their animals to eat the sprayed plant, 
with fatal results, in geneial local co-operation is obtained in 
combating the pest. 

In Louisiana, two barges, propelled by gasoline launches, and 
equipped with tanks for mixing and pumps for spraying the chemical 
solution, are kept continually in service from about April 1 to 
December 1 of each year. It is necessary also to maintain booms 
across the stream as in Floiida. 

To make the solution used in spraying the w’ater hyacinths, 
600 pounds of white arsenic and 600 pounds of sal soda are placed in 
a tank with about 600 gallons of water. The mixture is brought 
to a boil and kept boiling for two hours. It is then drained 
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off and diluted witli cold water to 9,G(X) to 12,00(t fi;allons. depending 
on the strength of solution desired. 

For spraying the solution over the hyacinths a duj)lex Worthington 
pump 4| inches hy 2| inches by 4 inches is used, with one-inch 
six-ply steam hose and a Fuller nozzle which is designed to give a 
very fine spray. The pressure on the hose is usually 50 pounds. 
On warm sunshiny days, one gallon of the diluted solution is 
ordinarily sufficient to destroy ten square yards of hyacinths. Tf the 
day is cloudy or cool, a larger quantity is ncc-essary. Where the 
hyacinths are very tall, the spray does not reach the shorter plants, 
and a second application becomes necessary to reach those not 
killed at first. In the year etiding June 30, 1919, the two barges 
.sprayed 1 ,61 3,383 square yards of the hyacinth in Louisiana waters, 
using 201,908 gallons of .solution, at a total c:o.st of $ 13,464'21, or 
$ 0‘0083 per square yard. 

In spite of the enormous quantities of this ])e.st destroyed 
annually since the work .wit« tii'st undertaken in 1899, it is still neces- 
sary to repeat the control measures year after year. So in.sidious 
is this floating menace to navigation that wherever the strictest 
precautions are not observed, a stream or harbour' may be over night 
rendered irnpa.s.sable. 

It is hardly likely that this tropical plant could become 
established naturally in the water's of the Sacramento and San 
Joaquin rivers itt Califorrria, but it is extremely probable that if once 
transplanted here, it woitld spr'ead rapidly and .soon prove as great 
a rnenat« to navigation as it is in the waters emptying into the Gulf of 
Mexico. 



BRITISH CROP PRODUCTION.* 


BY 

EDWARD J. RUSSELL, F.R.S. 

(Concluded from Vol. XV, Pi. IV, p. 4^9.) 

Fodder and hay crops play a more important part than 
cereals in the economy of the farm, because they are the raw mate- 
rials for a highly imporlaut part of the farmer’s business — the 
production of meat, milk, or butter. They are too bulky to trans- 
port in any quantity and farmers use only as much as they them- 
selves grow. The output of meat and dairy produce is, therefore, 
limited by the quantities of these crops at the farmer’s disposal. 
The quantities produced just before the war and in 1918 were : — 

Produdion oj jodder and hay crops. 



Yield feb acre 
1908-17 
^ 

Aobeaok, millions of 

1 ACEES 

Total 
produce, 
millions of tons 


England 

and 

United 

Kingdom 

England and 
Wales 

United 

Kingdom 


Wales 

Tons 








Tons 

1914 

1918 ' 

^ 1914 

1918 

1914 

1918 

bwedes 

13-0 

14-6 

1-04 

0*91 

1*75 

1*60 

24-2 

22*8 

Mangolds 

19-5 

19*6 

0*43 

0-41 

0*51 

0*60 

9*5 

10*3 


Cwt. 

Cwt. 







Hay (temporary) . . 

29*1 

32*2 

1*55 

1-45 

2*90 

2*80 

42 

4*4 

Fermanout grass . . 

22-6 

27-9 

4*79 

4-30 

6*49 

6*95 

8*2 

7*9 


* Discourse delivered at the Royal Institution in February 1920. Reprinted from Nature, 
dated 15th April, 1920. 
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Like cereals and potatoes, these crops are greatly affected by 
artificial fertilizers, especially by phosphates, which increase not 
only the yield, but also the feeding value per ton. This is strikingly 
shown in the case of swedes and turnips, which receive a large part 
of the superphosphate made in this country. Mangolds respond 
remarkably well to potassic fertilizers and to salt. There is much 
to be learned from a systematic study of the influence of artificial 
manures on the composition and feeding value of these crops under 
the varied conditions of this country. 

A further reason for the important part played by these 
crops in the economy of the farm is that they profoundly affect 
the fertility of the soil. I'hey do not remove from the soil 
all the fertilizing constituents which must be added to secure 
maximum growth ; some of these constituents are left behind 
in the soil to benefit the next crop — a rare instance of double 
effectiveness for which the farmer ought to be profoundly 
thankful. In the second place, even the fertilizing constituents 
which are absorbed by the crop are not entirely retained by 
the animal ; considerable quantities are excreted and pass into 
the manure, and again are added to the soil. There is, therefore, 
the possibility of constant improvement of the soil ; larger fodder 
crops enable more livestock to be kept, more livestock make 
more manure, and more manure gives still larger crops. It i§ 
sometimes argued that meat or milk production is in some way 
opposed to corn production, but on this method there is no 
antagonism ; on the contrary, each helps the other. The production 
of more meat is consistent with, and indeed involves, the production 
of more corn. 

The simplest way of utilizing animal excretions without loss is to 
allow the animals to consume the crop on the land where it grows, 
and this is frequently done excepting where the soil is so sticky 
as to become very unpleasant in wet weather. Sheep are the best 
animals for the purpose, as they are easily penned in by light hurdles, 
these being moved as each portion of the field is cleared ; this folding 
is a common occurrence on the chalky and sandy soils of the Southern 
and Eastern Counties. 
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Bullocks are less tractable, and cannot be enclosed by light 
hurdles ; they are, therefore, generally kept in yards, roofed in if 
possible, but oftentimes open. Sufficient straw is added to provide 
them with bedding and to soak up the excretions. Jn this way the 
fertilizing con.stituents of tlu' straw as well as of the food are returned 
to the soil. 

In the case of dairy cows the treatment is rather different; 
they have to be housed properly in quarters which are sometimes 
palatial, and for hygienic reasons they are allowed but little bedding. 
Their manure is removed once daily- sometimes oftener - the 
primary object being to get it away without contaminating the 
milk. The investigations already referred to for which Lord Klveden 
provides the funds are now being extended to the dairy farm to .see 
how far it is pos.sil)l(' to save the manure without prejudice to the 
purity of the milk. 

In the old days, when farmyard maiuire was the only manure 
and the old type of im])Iements alone were available, farmers had to 
arrange their crops on a definite jdan in order to get through their 
work and maintain })ermanently the productiveness of the land. 
There thus grew up a .system known as the rotation of crops, which 
contributed very largely to the agricultural developments of the 
sixties, and ultimately became a rigid ride of husbandry strictly en- 
forced over large parts of the country. Modern cultivation imple- 
ments and fertilizers justify much more latitude, however, and no 
good farmer ought to be restricted in his cropping, provided, of course, 
that he maintains the fertility of his land. It. is sometimes a 
convenience on the dairy farm to grow the same crop year after year 
on the same land and the liothamsted experiments show that this 
can be done excepting only in the case of clover. With this exception 
there is no more need to have a rotation of crops than there is to 
have a rotation of tenants in a house. It is essential, however, 
that the land should be kept free from other competitors and from 
disease germs. Freedom from competition means the exclusion of 
weeds. In the old days this had to be effected by periodical bare 
fallows. Nowadays a different course is possible ; modem cultiva- 
tion implements worked by a tractor allow great scope for the 



BRITISH CROP PRODTTCTION 


559 


suppression of weeds. There is. Iiowevci', f)ne crop that must be 
grown periodically to ensure the best, results clover or a mixture 
of clover and grass, ('lover allords valuable food for cattle during 
winter, and it also enriches the soil in highly valuable nitrogejious 
organic matter. Much of this is the work of the plant itself, and could 
equally well be done by grass : l)ut the enrichment in nitrogen is 
the work of bacteria residing in the nodules in the clover-roots and 
is unique among the phenomena of t he farm. 

Unfortunately, clover, unlike other cro])S, cannot be grown 
frequently on the same land. and. conse()uently. the farmer is luiable 
to make as much use of it as he would like. Investigators have for 
many years been trying to increase the effectiveness of the clover 
organism, but without result. liuM-ulation of the soil with virulent 
.strains has been tried, but it was un.succe.ssful in this country, 
although results are claimed iu the I’nited States. The problem 
has recently been taken uj) at Hothamsted, ajid one reason found 
for the previous failure. The organtsm has several stages in its 
life-history, one of which is a })eriod of rest ; .some conditions favour 
a long re.st, others a shorter one, and Mr. H. (l.Thonitojt is endea- 
vouring to find out how to increase the activity of the organi.sm in 
the soil and emsure that its work .shall be done. .Attention is being 
devoted also to the causes of failun* of the crop. The clover crop 
furnishes some of the moat important pi'ohlems in arable farming 
before us. 

In the meantime, a working solution lies in growing an admix- 
ture of grasses with the clover. I'his reduces tJie risk cd' failm’e 
while considerably benefiting both soil and farmer. 

A typical arable district is thus a bu.sy region in which both 
farmers and workers are kept constantly occupied. The cro})s 
claim attention all through the year, and particularly iu summer, 
while in winter the animals need attention. Four or more men 
can be regularly employed per 100 acres. An organized village* 
life has developed, having distinctive characteristics of its own and 
presenting endless scope for the intelligent, social worker. 

Grass farming, on the other hand, stands out in sharp contrast 
with all this. The grass farmer puts his animals into the fields. 
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and Nature does the rest ; when they are fat he sells them to the 
butcher. It is essentially summer work ; the winters are left free. 
As no man can long remain idle, there has been an extensive 
development of hunting and its attendant occupation, horse-breeding, 
in the English grass regions. While the grass farmer’s life is not all 
idyllic joy, it is, at any rate, free from much of the worry and 
uncertainty of arable farming, and it brings in sufficient money to 
ensure a itiode.st competence. One can quite understand the 
reluctance of the farmer to quit this path of safety. 

If one could accept the doctrine that a man could do what he 
liked with his land, the grass farmer could be left alone and reckoned 
among Virgir.s too happy husbandmen. But this doctrine is now 
somewhat out of court, and the needs of the community have also 
to be taken into account. From this point of view grass husbandry, 
in spite of its safeness for the individual farmer, is not so good for the 
community as arable farming, since it is less productive per acre of 
ground. This was realized before the war, and was vividly brought 
to the notice of farmers by Sir I’homas Middleton, who drew up the 
following table : — 

Number of persons who could be supplied with energy for one 
year from the products of 100 acres of 

Poor panturc converted into meat . . . , . . 2-1 

Medium pasture ditto .. ,, 12-11 

Rich pasture ditto , . , , 25-00 

Arable land producing corn and meat . . • • J 00-1 1 0 

The area of rich pasture is very restricted. An improvement 

can often be made in poor and medium pasture by the use of basic 
slag, by drainage, and in other ways, but the results could probably 
never surpass those now obtained on rich pasture. None of them 
approach the results obtained on arable land. 

During the war, therefore, the policy of the Food Production 
Department was to convert grassland into arable, and much was 
done ; but now that the clement of compulsion has disappeared 
some of the arable has gone back to grass. It is not that the farmer 
is trying to avoid work ; he is impressed by the greater risk of arable 
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farming,"' and, above all, he desires to keep to the well-established 
principle that his system of husbandry must suit the local conditions. 
This is strikingly shown by the following returns from a large number 
of farms : — 


Collected hy the Agricultural Costings Committee. 



Income 


Expenditure 

Profit f 


Capital 


per acre 


per acre 

per acre 

per acre 

England and Wales — 

£ .S-. 

d. 

£ 

«v. 

d. 


rf. 

£ s d. 

Mixed farms 

0 12 

5 

10 

2 

11 

1 7 

2 

1 3 9 U 

Dairy farms 

' 14 17 

0 

13 

IH 


I 7 

4 

1.5 7 0 

CVirn and sheep 

, 7 7 

1 

7 

4 

10 

1 14 

2 

12 10 9 

Darge sheep farm 

1 4 

3 

0 

17 

<■> 

0 s 

.5 

1 7 10 

All-Seottish 

10 

9 ; 

; 4 

1.5 

10 j 

1 4 ; 

11 

7 7 9 


The profit per acre from the large sheep farm is small in itself, 
but it is large in proportion to the capital and the expenditure, 
and, given a sufficient acreage, the farm is more lucrative than the 
more risky mixed or dairy farms. The risk of corn production can, 
and probably will, have to be met by some system of insurance or 
guarantee, but the need to conform to local conditions will always 
remain. 

The problem therefore arises ; Can a system of husbandry 
be devised which suits the natural conditions as well as grass, and 
is as productive of total wealth as arable crops ? I believe this can 
be done. Grass is not the only crop adapted to moist conditions or 


* On our ordinary farm at Kothamstod (distinct from the cxpcnmcntal land) the expen- 
diture on arable land is continuously increasing, while that on the grassland is much less. 
The figures arc : — 



1913 

-14 

1917 

-18 

1918- 

■19 


£ 


£ 

.V. 

£ 

.S'. 

Wheat 

5 

7 

10 

14 

14 

0 

Oats 

6 

4 

9 

7 

14 

6 

Roots 

17 

10 

20 

18 

36 

0 

Potatoes 

21 

1 

37 

11 

46 

0 

Grass (hay) 

3 

12 

4 

16 

6 

0 

.. (grazing) 

2 

16 

2 

4 

3 

0 


Direct wage payments account for abouWO per cent, ot the expenditure on arable land, 
but for less than 15 per cent, of that on grassland, 
t Inoluding change in valuation. 


6 
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heavy soils, and appropriate for the production of meat and milk. 
Many other leaf or root crops serve as well, some of which yield much 
more food per acre than does grass. Vetches, rape, mangolds, kale, 
and marrow-stem kale can all be used direct, and there are various 
mixtures of oats with peas, tares, vetches, etc., that can be fed green 
and made into hay or silage as the farmer may wish. The use of 
these crops in the place of grass for the feeding of livestock is known 
as the soiling system. 

We are only just beginning to discover the combinations of 
crops best suited to particular conditions. An interesting experiment 
is in progress at the Harper Adams Agricultural College, which, 
however, should be repeated elsewhere. Each crop is governed by the 
same general laws as hold for cereals. .In each case the yield and 
feeding value can both be increased by the proper use of artificial 
fertilizers, and there is the further possibility of great improvement by 
the plant-breeder. 

It is in this direction that 1 think British agriculture will develop 
in the future. The system is strictly in accordance with the laws of 
science, and therefore it needs a minimum amount of artifieial 
support. It gives the farmer abundant scope for the production of 
livestock, which he has always regarded as his sheet-anchor, and the 
community an abundant production of food per acre. Most impor- 
tant of all, while retaining the best features of oui‘ present arable and 
grass systems, it allows of considerable further development. 

I shall not venture any opinion as to how far we could go in 
feeding ourselves. The accompanying table shows what we did 
before the war, and what, on our present technical knowledge, we 
could do now, assuming that the insurance problem of covering the 
extra risks of arable farming were solved, and assuming also a 
reasonable increase in the efficiency of labour. 

In this country we can certainly hope to find the solution of the 
insurance problem, and I hope and believe of the labour problem 
also. Our output per acre of the arable crops is distinctly above 
that of many other countries, though we no longer lead as we did in 
the sixties. Our output per man, however, is not particularly good, 
and is open to considerable improvement. Those who know fh© 
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agricultural labourer best have the fullest faith that his sterling 
qualities will enable him to rise to the new levels of industrial capa- 
city which the man of science and the engineer have opened out for 
British agriculture. There are anxious days ahead, but with wise 
and sympathetic treatment the difficulties can be solved and our 
future assured. 


Consumption and production of human food in the United Kingdom. 

Million tons per annum. 





Home produotiov 



Consumpti' n 
(1909- i:o 

Pre-war 

1019* i 

Estimated 

attainable 

Wheat, barley and oats 

Other cereals 

i:{-4 

3-5 

(>•5 

7*0 

10*0 

Potatoes 

5*5 

4*8 

0*3 

7*0 

Da I y produce 

Meat 

5*2 

3*0 

i 4*7 

1*8 

' * i 

5*0 

2*5 


* Mr. MciCurdy gives the following details for 1919 (\oo Timcts, February 18, 1920) : — 


Coition nipt ion and production of food in the United Kingdom, 1919. 


PkOPOKTION UF nOMK-OKOWN AMD 


Commodity 

Estimated total 
consumption 

IMPORTED l‘ROD 

r(’E INCLUDED 



Home-grown 

I mported 


1 Tons 

Per cent. 

Per cent. 

Wheat 

7,395,000 

27 

73 

Barley 

l,956,0(M) 

64 

.‘6 

Oats 

S297,(K)0 

92 

S 

Beef and veal • 

. . , 995,000 

66 

34 

Mutton and lamb 

. . ! 368,000 

57 

43 

Bacon and hams 

. . 1 447,000 

19 

81 

Butter 

.. ! 180,CKM1 

58 

42 

Cheese 

.. j 145,000 

i 

30 

i 

70 


Notes, Cereals ; The quantities arc given after deduction for seed, and in the cases of wheat 
for tailings also. Bacon : The quantities given are for bacon as smoked or dried. 





THE ORIGIN OF THE SUGARCANE * 


Tracing the paasage of any cultivated plant from its wild 
conditions is always a fascinating amusement. Language, history, 
botany, all three lines have to be carefully followed out, and it is only 
by the convergence of the three that any c.ertainty can be attained, 
especially when the cultivated form is no longer directly traceable 
to any wild ancestor. In the case of the sugarcane, all three of 
these lines are available in south-eastern Asia, and the result arrived 
at is that the sugarcane is thought to have arisen from a wild grass, 
widely spread over India and the parts of Asia east of it and extending 
over some of the islands of the Pacific. The presence of a very 
ancient language and literature in India has perhaps somewhat 
obscured the claims of oceanic islands which have none of these 
advantages. As to whether the Pacific Islands have a right to be 
considered as a home of the original plant from which the cultivated 
sugarcanes have arisen, this must be left to the last named line 
of study, namely, that of botany. 

Scuxharum spontaneum is the only wild species in the genus 
which has close botanical relations with the sugarcane, which is 
named botanically Saccharum officinarum. It is found in every 
part of India and shows itself remarkably sensitive in its varieties 
to the moisture of the locality. Thus in the Punjab it is a small 
wiry grass which causes considerable trouble in the fields ; this fonn 
extends as far as the Central Provinces, but further south it is 
confined to wet places, ditches and river banks, and shows no inclina- 
tion to become thicker and more cane-like in the tropical conditions 
of the Madras Presidency, In Bengal, Assam, and Burma, however, 


* BAprinted from the International Sugar Journal, ilny 1920. 
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where the air is moister, a number of thicker forms are found with 
broader leaves, some of which, such as that met with in the ponds 
around Dacca, show a close approximation to the more primitive 
groups of indigenous Indian canes. The botanical evidence, therefore, 
suggests that the transition from the wild to the cultivated form may 
be most reasonably sought less in the tropical parts of India than 
around the north of the Bay of Bengal, and this is the view usually 
held. Even in the Punjab, where the wild cane is a field weed, the 
cultivator points to it as the ancestor of the sugarcane, and there 
is some evidence that in former times the thicker Bengal form was 
occasionally crushed, on the banks of the Hooghly, for its half-sweet 
juice. 

But the fact must not be lost sight of that there are a number of 
distinct groups among Indian sugarcanes, and it is only in the 
primitive Saretha series that this line of derivation is clearly seen. 
Many of the members of this group show marked resemblances 
to the wil(P Saccharum spontaneum. The varieties differ a great 
deal among themselves and, starting with primitive forms in the 
Punjab, extend east and south ever increasing in size as they approach 
more congenial conditions of climate. The Sunnabile group, with a 
similar distribution, show some evidence of being derived from the 
same source, in that its most primitive forms in the Punjab are 
with some difficulty distinguished from the smaller Saretha varieties. 
But the connexion between these two groups and the Mungo, Nargori, 
and Pansahi are obscure, and if they are to be traced also to Saccha- 
mm sponianeum one can only suggest that, at some former time, the 
whole species passed through a mutational period whereby a series 
of new forms were developed which have served as the starting 
points for these three groups. They are among themselves much 
more homogeneous, and as distinguished from the Saretha and 
Sunnabile give rather the impression of being merely cane varieties 
which have undergone slight modifications tlurough being long grown 
under special climatic conditions. They would thus appear to be of 
later origin and are, as might be expected, much more restricted in 
their geographical range. The same line of development might 
be suggested lastly for the thick cane group, if we are to regard 
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them also as having arisen in India from a wild ancestor. But it 
occurs to the writer that, in considering their characters, we may 
have to look to another place for the origin of the tropical forms. 
The common origin of the whole of the cultivated sugarcanes was 
assumed at a time when no careful morphological studies had been 
made of them. During the past eight or nine years this part of our 
knowledge of the sugarcane has made great strides, and various 
systems of natural classification have been worked out, founded on 
variations in the character of the different vegetative organs of the 
plant. A serious attempt has, at the same time, been made to form 
a continuous series, commencing with the wild Saccliarum sponta- 
neum, passing through the indigenous Indian canes, and culminating 
in the thick tropical varieties which form the main sources of our 
commercial sugar in the tropics. 

In many sugar-growing countries, where the conditions have 
proved adverse to these comparatively delicate thicker canes, 
members of the Indian groups have effected a footing.- The most 
important, from our point of view, of these introductions has been 
that into South America, for it appears to have occurred so long ago 
that no one can say exactly when it took place ; and it has only 
been by the exact study of the Indian groups that the source of the 
immigrant has been definitely settled. This throws some light upon 
the theory, somewhat loosely held, that the thicker tropical forms 
have been derived from the more primitive Indian forms by long 
acclimatization in warmer, moister regions. Influenced by this 
belief, a series of the North Indian forms were brought down to 
Madras some eight or nine years ago, and grown continuously under 
the same conditions as the tropical canes usually planted there. 
It was desired to see if any change in the direction of thick cane 
characters would take place. The period is of course far too short for 
any reliable opinion to be formed, but it may be recorded that there 
appears to be no trace of any change. The discovery that the South 
American thin canes were of the Pansahi group, still retaining all 
the peculiar morphological characters of that class, was at once 
recognized as of importance in the enquiry ; and it was this that first 
su^ested to the writer that the gulf between the Indian canes and 
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those of the tropics was insuperable within the limits of agricultural 
time. The idea of a separate origin of the thick cane group has 
recently been strengthened by an appreciation of the fact that, at 
one time and another, the finest of the tropical canes have been 
received from among the islands of the Pacific, where no careful 
agricultural selection was likely to occur. The supposed origin of 
the Bourbon cane from Malabar need not be taken very seriously, 
for anyone acquainted with the character of the canes growing there 
will find it difficult to believe that such a form could have been other- 
wise than a temporary introduction by the Portuguese, if ever it got 
there. Quite recently a magnificent series of new canes, fully equal 
to any that have brought wealth in the past to the cane-growing 
countries of the tropics, have been discovered in the unexplored 
recesses of New Guinea, a place sufficiently remote to make it 
practically impossible that these could have been derived from 
India. We are driven then to conclude that the thick cane group, 
essentially different in so many respects from the indigenous Indian 
ones, has arisen from a separate centre, namely, the mountainous 
islands of the Malay Archipelago and Polynesia. It is interesting 
to note that Saccharum spontaneum is recorded as indigenous in 
many of these islands as well as in India, so that we have still the 
possibility of this species being the ancestor of the thick canes. 
But it seems to the writer probable that, in the absence of connect- 
ing links, it is more reasonable to assume that the thick canes as a 
group arose rather from an allied species now lost in the wild state. 
Tliis separate origin would do away with the anomaly that, while 
in the Indian series the capacity of producing fertile flowers and 
seedlings steadily diminishes with distance from the wild form, it 
returns in full force with the thick canes, which in any connected 
series from a common origin would presumably be the most highly 
developed of the cultivated varieties and groups. [C. A. B.] 



^Ot0)8i 


THE GINNING PERCENTAGE OF COTTON IN ITS RELATIO J 

TO THE SEASON. 

During the past four years the Padu Experimental Station 
(Sagaing District, Burma) has experienced one exceptionally un- 
favourable season for upland cultivation, and in that season the 
ginning percentages as well as the yields of all the cottons under 
cultivation uniformly dropped. The writer has nowhere seen it 
recorded that the character of the season has such a marked influence 
upon the proportion of lint to seed and he is seeking to know whether 
this has been the experience of others. 

In the accompanying table it will be seen that, whilst the relative 
ginning percentage of the different strains remains nearly tlie same, 
they have each dropped roughly about 3 per cent, during the year 
1918-19. In the following normal season those of which the cultiva- 
tion has been continued have returned to their normal ginning 
percentages of the previous years. 
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The Padu Experimental Station is situated in a dry tract growing 
principally wheat, gram, cotton and sesamum — the two last being 
cultivated almost entirely on the coarse, red, sandy soils of the 
uplands only. The rainfall is a capricious one, and if it be the case 
that the season has so marked an effect the gi nning percentage of 
cotton from this region will be very difficult to maintain from year 
to year. [E. Thompstone.] 

* 

* ♦ 

AGRICULTURAL EDUCATION IN MADRAS. 

The question of attracting a better class of students to the 
Agricultural College at Coimbatore has for some time past been under 
consideration of the Government of Madras. The present courses at 
the college were introduced in 1914 when the old three years’ course 
was replaced by one extending to three years and a half. The first 
two years of the course formed in itself a separate (certificate) course 
mainly devoted to agriculture, while the remaining one and a half 
years’ course, devoted to sciences allied to agriculture, formed a 
continuation of the first and qualified for a diploma. The working of 
this course and the standard attained by students admitted under it 
have, however, been the subject of some discussion, and the Local 
Government have now decided that the certificate and the diploma 
courses should be separated from the beginning ; and that, while the 
qualification for admission to the certificate course should ordinarily 
be a Secondary School-Leaving Certificate, that of the diploma course 
should be the Intermediate Examination of the University Avith 
Physics, Chemistry or a Biological Science. The Local Government 
have fuither authorized the Director of Agriculture to award 
annually scholarships of the value of Rs. 25 each per mensem to 
students not exceeding twenty in number. It has also been decided 
that tuition and lodging will, as heretofore, continue to be provided 
free of charge. [Editor.] 

# 

# Ik 

SEED ELECTRIFICATION. 

Messrs. Sutton and Sons, Reading, have published an 
interesting contribution to the literature on seed electrification. This 
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bulletin (No. 11) presents the results of a number of germination 
and field tests carried out in 1919 with seeds of carrot, swede, 
cabbage, and mangold. The best-known process of seed electrifica- 
tion, viz., the Wolfryn process, consists in immersing the seeds in a 
solution either of common salt and water or of calcium chloride 
and water, through which an electric current is then passed. After 
this treatment the seeds are dried at a temperature of 100°F., and 
they are then ready for sowing. Obviously two processes are here 
involved, seed immersion and seed electrification, and the Heading 
experiments were designed primarily to lest the value of the Wolfryn 
process, and secondarily, if there are advantages, to decide whetlier 
they are due to the immersion, to the electrification, or to both agents 
combined. Tests were made with untreated seeds, with seeds electri- 
fied by the Wolfryn process, with seeds soaked in a solution 
of sulphate of ammonia, and with seeds soaked in a solution of salt 
and water, the strength of the solution being the same as that used 
in the Wolfryn process. After immersion the seeds wwe dried at 
100°F. and then sown. Regarding the tests as a whole, they do not 
reveal any ax^lvantage from seed electrification, the only possible 
exception occurring in the case of mangokls, where the germination 
of the electrified seed was 94 per cent, compared with 82 per cent, 
for the untreated seed and 80 per cent, for tlie seed soaked in the 
Siilt solution, while in the field tests the electrified mangold seed 
yielded 62 lb. per pole more than the untreated seed. In all otlier 
cases either the electrified seed gave a lower yield than the seeds 
treated in other ways, or the increase following electrification was so 
small as to be negligible. [Mature, May 13, 1920.] 

* 

* * 

LOW-GRADE SUGARCANE MOLASSES (BLACKSTRAP). 

There is, perhaps, no stock-feeding material that has aroused so 
much general interest among stockowners and feeders in this country 
(Louisiana) as low-grade sugarcane molasses, or “ blackstrap . . . 

The term “ blackstrap ” is given to the low-grade uncrystal- 
lizable residue of the sugar-making, or sugar-refining, process, which 
at one time, in Louisiana at least, was discarded as of no economic 
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value and, consequently, wasted, so far as its feeding importance 
was concerned. 

The use of molasses as an appetizer and tonic for stock has been 
in vogue with owners and feeders for quite a length of time, however ; 
but as a food nutrient of the carbohydrate class, its extensive and 
intelligent adoption dates back only to more recent years, and it is 
being utilized now, not only as a regular ingredient of mixed rations 
on plantations and farms, but by the commercial world in the 
various so-called “ sweet feeds ” that are to be found upon the 
market. 

It should be understood, however, that while blackstrap is a 
most valuable food of its class it is not a perfectly-balanced food in 
itself, as it supplies, in the main, only one of the nutritive elements 
(carbohydrates) of a mixed and balanced ration. 

It is valuable for at least four very good reasons, viz., (1) its 
palatability ; (2) under normal conditions, its cheapness as a source 
of the carbohydrate element-sugar ; (3) its high carbohydrate con- 
tent approximating 53 per cent. ; and (4) the almost complete 
digestibility of its contained carbohydrates. 

It is the writer’s opinion that the maiked success which has 
attended its adoption during the past number of years is almost 
wholly due to its palatability ; its condimental effect in promoting 
more perfect digestion of other feeds fed with it ; and the readiness 
with which it can be absorbed into the blood system of the animal 
for purposes of nutrition. 

The earlier analysis of blackstrap showed a somewhat higher 
percentage of carbohydrates — sugar ; but owing to the increased 
efficiency in the process of producing sugar to-day, the percentage of 
its carbohydrates has been reduced to some extent. 

The following may be taken as an average of its composition at 
the present time : 

Dry mattei- Water Asli Carbobydrates 

% % % . % 

77 75 22*26 8*13 63*58 

Some years ago the writer addressed a questionnaire to some 
forty-seven large sugar-plantation-owners in Louisiana to try to 
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obtain some more or less definite information regarding results they 
might have had after utilizing their blackstr.ip in the feeding of 
their work mules, the number of which approximated 4,500 head. 
In the replies received, practically everyone conceded to a consi- 
derable saving in the amount of his feed bills ranging from ten to 
fifty per cent, or more ; and all seemed to refer to the marlced 
diminution in the number of cases of dietetic troubles, such as colic, 
etc. ; and that the health, and, therefore, the capacity of the animals 
for work, was very much improved. 

One could scarcely wish for a higher endorsement of any food 
product, in the case of horses and mules at least. 

The feeding of molasses is not now confined to horses and 
mules, however ; it is being used with equal success iti the feed-lot ; 
in the dairy ; in the hog-pen, etc. 

From inquiries received, it would seem that some feeders not 
hitherto accustomed to the use of molasses do not aj)pear io quite 
understand how it should be used to the best advantage. 

Here it may be stated that its economic use would depend upon 
the availability and cost of other carbohydrate concentrates. 

For example, if corn should be expensive, and molasses consi- 
derably cheaper, it would reduce the cost of the ration if part of the 
corn should be replaced by its equivalent weight of molasses, as the 
sugar in the latter, while not quite equal to in amount, approxi- 
mates the starch in the corn, both of which have the same chemical 
composition. However, we do not deem it altogether advis- 
able to make a complete substitution ; but a partial substitution 
will frequently economize in the use of corn under high-priced 
conditions. 

Again, it is better to feed molasses where the other ingredients 
of the ration are in a crushed or mealy condition so as to insure 
better mastication, or chewing of the whole. When fed with whole 
grains alone, such as oats or corn, there is a tendency or liability on 
the part of the animals, especially horses or mules, to “ bolt ” their 
food without the necessary chewing of the grains. 

For different classes of animals, we submit the following 

example. 



574 AGEICULTUBAL JOURNAL OF INDIA [XV, V. 

For horses or mules weighing 1,000 lb. doing hard work and 
per day : 

Lb. 

2 Cottonseed meal, 

6 Cracked corn or chops, 

6 or 7 Blackstrap, 

12 Peavine, alfalfa, lespedeza, or any of the good legumi- 
nous hays. 

[W. H. Dalrymple in the Tjouisiana Planter and. Sugar 
Manufacturer, Vol. LXIV, No. 20.] 

* 

* * 

A NOTE ON SOME PRELIMINARY EXPERIMENTS FOR 
STUDYING CROP IRRIGATION. 

The usual bed method of irrigating garden crops in the Bombay 
Presidency, even when small ridges are made and the water is 
impounded, is open to many criti(nsms, chief of which is that it 
causes the formation of a crust, wlu n the water sinks into the soil, 
from which evaporation goes on at a rapid rate. Moreover, while 
the water is standing over the soil, the circulation of the air in the 
soil is checked if not altogether stepped. 

When water remains impounded for some time, as is often the 
case in sugarcane cultivation, thus stopping the circulation of air, 
the oxygen for the growth of the roots and the soil organisms become 
deficient and their activities stop or proceed at a very low rate. 
If anaerobic conditions continue those organisms which are injurious 
may become established. Denitrific-ation of the manurial sub- 
stance may occur or pathological changes in the plants, due to 
such organisms as sugarcane red rot {Colletotrichum falcatum) and 
ginger soft rot {Pythium gracile), may result. 

Continued wetting of the soil in bed irrigation has a puddling 
effect, as the fine particles of the soil are washed downward and 
become packed into the interstices so that capillary movement and 
even percolation become reduced, often to such an extent as to 
make the soil unsuitable as the home of plant roots and of those 
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beneficial nitrifying bacteria which efiect the transfonnation of 
manurial matter into plant food. 

When small beds are made, the useful operations of after-tillage 
so necessary to keep the soil in a healthy condition are hindered 
as all that can be done must be accomplished by inefficient and 
expensive hand-work. 

The curtailment of intertillage necessitated by the small bed 
system allows the soil puddling and evaporation to go on 
unhindered. 

The ideal soil condition requires that the finer particles must be 
united into granules to form a crumb-like structure over the parti- 
cles of which a film of capillary moisture will freely move in all 
directions and through the interstices between the granules the 
soil air will circulate freely as it is acted upon by the wind at the 
surface and the changes of temperature. Under such conditions 
the roots and the beneficial soil organisms make their maximum 
growth, while morbid and denitrifying organisms are destroyed or 
held in check. 

How can irrigation be applied so as to enable us to maintain 
the soil in this condition as near as possible and at the same time 
avoid as much loss by percolation below the reach f)f plants and 
through surface evaporation is the problem. 

This condition of tlie soil can only be obfained by suitable 
and thorough cultivation together with the application of abundant 
supplies of organic matter, and is maintained by timely after- 
tillage operations and the application of irrigation water by such 
methods as will have the least possible tendency to destroy the 
condition of the soils described above. 

The actual method of achieving this desirable result has been 
the subject of considerable experiment at Manjri and Poona 
College stations. 

It is plain that it is easier to protect as far as possible the area 
from becoming injured through standing water than to restore its 
physical condition, or in other words we should aim at wetting the 
least possible amount of the soil surface. This means that wide 
strips of soil ’on which water has not been impounded should 
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alternate with the narrowest possible furrows which receive water 
and a high degree of tilth be maintained on the dry surface soil which 
would act as a mulch to prevent evaporation. The granulated 
soil below this mulch having a highly developed capacity for 
capillary movement will speedily draw the moisture from the wet 
furrows. 

The plant roots should develop in this sub-surface layer of 
capillary-fed soil below the dry mulch. 

A certain amount of time is required for water to spread by 
capillary movement from the furrow throughout the strips, whioh 
may be called growth strips of the field, and water should be kept 
in the furrows sufficiently long to enable it to thoroughly permeate 
the growth strip, 'riie time for this process will vary according to 
the nature of the soil and the width of the strip. The water in 
the furrow may be maintained for the necessary length of time 
by two ways. First by impounding a large furrow full. This 
necessitates level furrows and is accompanied with considerable 
loss by downward percolation if the soil is at all pervious ; more- 
over it wets a wider .strip than necessary, thus producing the inju- 
rious action of stagnant water over the part wetted, which must be 
overcome by later opcratio’us, else there will be a loss in the total 
production of the field as well as a loss of water. The other method 
which seems to me to be the only rational system for irrigation 
practical in this part of India is to allow a very small stream to 
trickle down each furrow. 

Experiments have been made at Manjri with the rates of 
current required to wet a five feet growth strip, and it has been 
found that a rate of one hundred feet per thirty or forty minutes 
when the land does not slope over one imdi in three hundred feet 
gives the best results. The rate at which the water should be 
allowed to move down the furrow depends upon the following 
conditions : — 

1. The capillarity of the soil which depends upon the natural 

texture, its composition and the state of granulation 
brought about by the tillage and manure. 

2. The width of the growth strip. 
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3. The length between cross distributing furrows. 

4. The slope of the furrow. 

5. The depth of soil which is in a condition to hold capillary 

water and which the plant roots can rcacli. 

6. The amount of water that is necessary to keep the grow- 

ing strip in the optimum moisture content {wafsa). 

The width which should be assigned to the growing zone depends 
upon the conditions named above in one, five and six. 

Having determined the rate at which the water should flow 
either by actual experiment or experience, it is maijitained by regu- 
lating the size of the stream with the head available. 

For regulation 1 have found tile dams for each furrow to be 
the simplest and cheapest. These can be made with different 
sizes of openings and the stream can be varied by sloping the dams, 
thus increasing the head at. their discharge. Work is going on to 
determine the rate of flow for different types of soil and crops. 

The lower ten feet will usually get sufficient water if the holes 
in the tiles are plugged with mud when the water reaches within 
ten feet of the end. In order that the work may be completed as 
expeditiously as by the bed system a large number of furrows 
must be receiving water at the same time. 

1 feel that if this system of watering could be generally intro- 
duced the water duty of our canals and wells could be increased 
to an almost incredible extent and waterlogging or salt land trouble 
become unknown. [J. B. Knight in the Pootm Agric. College 
Magazine, Vol. XI, No. 4.J 



PERSONAL NOTES, APPOINTMENTS AND TRANSFERS, 
MEETINGS AND CONFERENCES, ETC. 


We deeply regret to record the death of Mr. F. M. Howlett, 
B.A., F.E.S., Imperial Pathological Entomologist, which sad 
event took place at Mussoorie in the morning of Friday, the 
20th August, 1920, after a serious operation. We offer our 
heartfelt condolences to his mother in her bereavement. 

The Hon’ble Rao Bahadur B. Narasimheswara Sarma Garu 
has been appointed an Ordinary Member of the Council of the 
Governor-General of India, in charge of the Department of Revenue 
and Agriculture. 

♦ 

* * 

Mr. J. Hullah, I.C.S., is confirmed in the appointment of 
Secretary to the Government of India, Department of Revenue 
and Agriculture, with effect from the 27th June, 1920. 

♦ 

* * 

Mr. S. Milligan, M.A., B.Sc., Director of Agriculture, Bengal, 
has been appointed Agricultural Adviser to the Government of 
India, and Director, Agricultural Research Institute, Pusa, with 
effect from the 18th June, 1920. 

♦ 

The names of the following officers have been added to those 
brought to the notice of the Secretary of State for War for valuable 
services rendered in India inl^connection with the war : — 

Colonel G. H. Eva^s, C.I.E., C.B.E., A.D.C., Indian Army 
(Superintendent, Civil Veterinary Department, Burma). 

( 678 ) 
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Lieutenant (Temporary Major) K. Hewlett, O.B.E., 
Indian Defence Force, Veterinary Corps (Principal, 

Bombay Veterinary College). 

♦ 

* DC 

We congratulate Dr. C. A. Barber, C.I.E., late Sugarcane 
Expert to the Government of Madras, on his appointment by the 
Board of Agricultural Studies, Cambridge University, as a Lecturer 

in Tropical Agriculture for a period of five years. 

* 

* * 

Dr. E. J. Butler., M.B., F.L.S., Imperial Mycologist and Joint 
Director of the Agricultural Research Institute, Pusa, has been 
granted privilege leave for two months, with effect from the 22nd 
July, 1920. 

* 

* * 

Mr. G. S. Henderson, N.D.A., N.D.D., Imperial Agriculturist, 
is appointed to officiate as Joint Director of the Agricultural Research 

Institute, Pusa, vice Dr. E. J. Butler on leave. 

♦ 

* ♦ 

Mr. W. McRae, M.A., B.Sc., F.L.S., Government Mycologist, 
Madras, has been appointed to officiate as Imperial Mycologist, 

Pusa, vice Dr. E. J. Butler on leave. 

* 

Mr. G. Evans, C.I.E., M.A., Deputy Director of Agriculture, 
Central Provinces, whose services have been placed at the disposal 
of the Government of Bengal, has been appointed Director of 
Agriculture, Bengal, vice Ml. S. Milligan. 

* ♦ 

Dr. R. V. Norris, Government Agricultural Chemist, Madras, 
has been appointed to act as Principal, A^icultural College, Coim- 
batore, during the absence of Mr. W. McRae on other duty 

* 

He He 

Mr. G. R. Hilson, B.Sg., Deputy Director of Agriculture, 
II and ITT Circles, Madras, has been appointed Government 
Economic Botanist, Madras, for work on cotton, with head- 
quarters at Coimbatore, with effect from the date of his return 
from leave, 
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Mr. F. Ware, M.R.C.V.S., Superintendent, Civil Veterinary 
Department, Madras, has been granted combined leave for eight 
months, 

sH 

* 

Mr. S. Sundararaman, M.A., has been appointed to act as 
Government Mycologist, Madras, vke Mr, W. McRae on other 
duty. 

* ♦ 

Mr. E. Ballard, B.A., F.K.S., Covernment Entomologist. 
Madras, has been granted pi'ivilege leave for one month, Mr. T. V. 
liamakrishna Ayyar, B.A,, F.E.S., F.Z.S., officiating. 

Hs 

Mr. F. T. T. Nkwi^and, Government Agricmltural Engineer, 
Madras, has been granted privilege leave for two months, 
Mr. V. Rangachar Avargal officiating. 

* 

* * 

The Hon’ule Mr. H. M. Leake, M.A., F.L.S., Officiating 
Director of Agriculture, United Provinces, has been confirmed in 
that apjjointment with effect from the 2Cth May, 1920. 

4e 

He Hs 

Mr. G. Clarke, F.l.C., Offg. Principal, Agricultural College. 
Cawnpore, has been confirmed in that appointment. 

* 

* * 

Mr. W. Youngman, B.Sc., Offg. Economic Botanist to Govern- 
ment, United Provinces, has been confirmed in that appointment. 

* 

He * 

Babu Ram Prasad, Assistant to the Economic Botanist, has 
been appointed to officiate as Assistant Economic Botanist to 
Government, United Provinces. 

Hs 

He He 

Major E, W. Oliver, M.R.C.V.S., F.Z.S., Superintendent, 
Civil Veterinary Department, United Provinces, has been granted 
combined leave for seven months and seven days. 
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Captain S. G. M. Hickey, M.R.C.V.S., Second Superintendent, 
Civil Veterinary Department, Uniied Provinces, will hold charge 
of Major Oliver’s office, in addition to his own duties, during the 
latter officer’s absence. 

* 

* * 

Mr. D. Milne, B.Sc., Economic Botanist to Government, 
Punjab, has been granted combined leave for eight months. Lala 
Jai Chand, M.Sc., official es. 

He He 

Mr. T. a. Miller Brownlie, C.E., M.I.W.E.. M.I.M., I.C.E., 
Agricultural Engineer. Punjab, has been granted combined leave 
for eight months. Mr. P. A. MacCormack, retired Executive Engi- 
neer, P. W. D., officiates. 

He 

* * 

Mr. E. J. Warth, M.So., Agricultural Chemist, Burma, took 
over cJiarge of the duties of Deputy Director of Agriculture, Southern 
Circle, Burma, in addition to his own duties, on the llth June, 1920. 

* 

* * 

The Secretary of State for India has granted to Mr. T. Rennie, 
M.R.CJ.V.S., Second Superintendent, Civil Veterinary Department, 
Burma, an extension of furlough for 15 days. 

* 

* * 

On return from the combined leave granted to him, Mr. J. H. 
Ritchie, M.A., Deputy Director of Agriculture, is posted to the 
Nortliern Circle, Central Provinces. 

H5 

H: * 

Mr. C. P. Maya Das, M.A., B.Sc., Officiating Deputy Director 
of Agriculture, Western Circle, Central Provinces, is granted com- 
bined leave for three months. 

* 

♦ * 

Rai Sahib Bhaiyalal Dube, Officiating Deputy Director of 
Agriculture, Northern Circle, Central Provinces, has been posted 
to the Western Circle, vice Mr. Maya Das on leave. 
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Me. S. T. D. Wallace, B.So., Assistant Director of Agriculture, 
Nagpur, has been appointed to officiate as Principal, Agricultural 
College, Nagpur, vice Mr. Nand Kishore reverted as Extra Assistant 
Director of Agriculture, Jubbulpore. 
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The Cultivation of Ragi in Mysore. — By Leslie C. Coleman, M.A., 
Ph,.D. [Department of Agriculture, Mysore State, Bulletin 
No. 11. Pp. 67+20 plates+1 map.] 

This bulletin records the results of a very conipletc series of 
experiments conducted by the Mysore State Department of Agri- 
culture with a view to the ultimate improvement of the ragi crop 
(Eleusine coracana). This millet covers over one-third of the total 
cultivated area of the State and is said to be the staple food of four- 
fifths of its people. The crop is grown chiefly on the laterite soils of 
the State, which, as a rule, are poor in the more important 
plant food constituents. These soils in addition possess a low water- 
holding capacity and dry out rapidly. It, therefore, follows that in 
addition to varietal tests, experiments with manures and tillage are 
of first-rate importance. 

From a perusal of the bulletin it will be seen that considerable 
success has been obtained along these three main lines of investiga- 
tion. For instance, one of the selected strains, Hebbal 22, possessing 
drought-resistant qualities and freedom from ‘ shedding ’ gives 
a superior yield of grain and straw estimated at over 7 per cent, 
above the best purified local variety. It is considered that it will 
not prove a difficult matter to extend the area under this variety 
to 60,000 acres, representing a money outturn of Es. 25 lakhs per 
annum, within the next 6 years. Manurial experiments have demon- 
strated the great value of leguminous green manures, and it is esti- 
mated that the value of a suitable green manure is equivalent to the 
application of from 6 to 10 cartloads of cattle manure. In the tests, 

( 683 ) 
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cowpeas and sann-hemp have proved the most suitable green manure 
plants, and, as the cost of sowing and ploughing in green manure 
does not exceed Es. 5 per acre, these results may be considered of 
first-rate economic importance to ragi cultivation in the Mysore 
State. 

Good results have also been obtained by earlier and better 
cultivation which enables the soil to absorb early rains and which 
increases its moisture capacity. Illustrations are given of the 
most suitable cultivation implements including barshare plough, 
which, on account of its easy adjustment, to wear, has proved the 
most satisfactory type. I’lie disc harrow has proved useful for 
preliminary cultivation in cases where there is insufficient moisture 
for the plough. It is slated that after several runs with this imple- 
ment it is possible to produce sufficient mulch in even the hardest 
soils to save the moisture from the first showers which is too often 
lost in hard baked land. The cost of the implement, however, is 
rather a serious factor against its general introduction. 

The last chapter of the book is devoted to diseases and pests of 
ragi and in the appendix a great deal of useful information regarding 
the crop is given. 

Dr. Coleman and his staff are to be congratulated on the 
thorough manner in which the improvement of this important crop 
has been studied and the large measure of success which has attended 
their ejfforts. — [Editor.] 

* 

. ♦ ♦ 

Ammoniflcation of Manure in Soil. By J. W. Bright and H. J. Conn, 

[New York Agr. Expt. Sta. Technical Bulletin No. 67, April, 1919.] 

This bulletin is divided into two parts. 

Part 1 by J. W, Bright deals with the soil organisms which 
take part in the ammonification of manure. The author finds 
that non-spore-formers like Ps. Jlnorescens and Ps. mudatus are the 
most important ammonifiers of manure in the soil, while spore- 
formers like B. cerem do not take part in the process. The author’s 
results are based chiefly on the evidence furnished by platings before 
and after addition of organic manure. The statement that there 
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is no evidence that B. cereus takes part in this process has to be 
accepted, however, with caution, l)ecause the aiitlior has already 
sliown that althougli colonies of B. cereus do no< develop in tJie 
presence of Ps. fluorescens, still B. cerem is a vigorous anuiioniticr 
converting large amounts of organic nitrogen into ammonia acting 
by itself when inoculated in soil which has been sterilized after 
addition of organic manure. 

Besides, although large numher of non-sjxne-foj’meis like B. 
Jluoreseens have been observed to be active after additioji of organic 
manures, their true function may not be amimmitication. but pro- 
bably the destruction of carbohydrate .material and tin* production 
of as indicated by a close similarity of curves for bacterial 
numl)ers and ('Oj in many other cases. 

In the second part, which is hy H. J. Conn, we ti)id a detailed 
description of the tAvo organisms Ps. fluoresce ns and Ps, cuudulus as 
an aid to their identification by others. A bibliography is 
appended. - [N. V. J.] 



NEW BOOKS 

ON AGRICULTURE AND ALLIED SUBJECTS 


1. The House-fly : Its Life-History and Practical Measures for 

its Suppression, by Major E. E. Apsten. Pp. 52. [London : 
British Museum (Natural History).] Price, Is. %d. net. 

2. The Mason-Wasps, by J. Henri Fabre. Translated by Alexan- 

der Teixeira de Mattos. Pp. vi+318. (London : Hodder 
and Stoughton, n.d.) Price, 7s. 6rf. net. ‘ ’ 

3. General Science ; First Course, by L. Elhuff. Pp. vii-f 435. 

(London : G. G. Harrap and Co., Ltd.) Price, 5s. net. 

4. The Soil : An Introduction to the Scientific Study of the 

Growth of Crops, b}^ Sir A. D. Hall. Third Edition, revised 
and enlarged. Pp. xv+352. (London : John Murray.) 
Price, 7s. 6d. net. 

•6. The Geography of Plants, by Dr. M. E. Hardy. Pp. xii-f 327. 
(Oxford : At the Clarendon Press.) Price, 7s. 6t?. net. 

6. The Small Farm and its Management, by Prof. J. Long. 

Second Edition. Pp. 328. (London : J. Murray.) Price, 
7s. Qd. net. 

7. Imperial Institute ; Indian Trade Inquiry ; Reports on Oil 

' Seeds. Pp. ix+144. (London : J. Murray.) Price, 6s. 
net. 

8. Practical Hardy Fruit Culture, by Richard Staward. Pp. 216. 

(London : The Swarthmore Press, Ltd.) Price, 6s. net. 

9. A Text-book of Organic Chemistry, by E. de B. Barnett. Pp. 

xii-f-380. (London : J. and A. Churchill.) Price, 16s. net. 

10. Animal Food Stuffs ; Their Production and Consumption, with 
Special Reference to the British Empire. A Study in 
Economic Geography and Agricultural Economics, by 
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Dr. E. W. Shanahan. Pp. viii+SSl. (London: George 
Routledge & Sons, Ltd. ; New York : E. P. Dutton & Co.) 
Price, 10s. 6d. net. 

11. Flax Culture and Preparation, by Fred. Bradbury. Pp. xii+ 
164. (London : Sir Isaac Pitman & Sons, Ltd.) Price, 
9s. net. 

The following publications have been issued by the Imperial 
Department of Agriculture in India since our last issue : — 

Memoirs. 

1. The Rice Leaf -hoppers {Nephoteftix hiptwMtm, Fabr. and 

Nephotettix apicalis, Motsch.), by C. S. Misia, B.A. (Phito- 
mological Series, Vol. V, No. 5.) Price, R,. 1-8 or 3s. 

2. Lantana Insects in India. Being the Report of an Inquiry 

into the Efidciency of Indigenous Insect Pests as a Cheek on 
the Spread of Lantana in India, by Rao Sahib Y. Rarna- 
chandra Rao, M.A., F.E.S. (Entomological Scries, Vol. V, 
No. 6.) Price, Rs. 2-4-0 or 4s. 6d. 

3. Studies on the Root Nodule Organism of the Leguminous 

Plants, by N. V. Joshi, M.Sc., B.A., L.Ag. (Bacteriological 
Series, Vol. I, No. 9.) Price, R. 1-4 or 2s. Qd. 

Bulletin. 

1 . The Orange : A Trial of Stocks at Peshawar, by W. Robertson 
Brown. (Bulletin No. 93.) Price, As. 6. 




PUBLICATIONS OF THE IMPERIAL DEPARTMENT OF 
ACRICULTURE OF INDIA 


TO BE HAD FROM 

The Office of the Agricdltoral Adviser to the Government of India, Pusa, Biiiaii 

and from the following Agents 


(1) THACKER, SPINK & CO., Calcutta. 

(2) W. NEWMAN & CO., Calcutta. 

(3) Rai M. C. SARKAR BAHADUR A 

SONS, Calcutta. 

(4) HIGGINBOTHAMS, LTD., Madras. 

(5) THOMPSON & CO., Madras. 

(6) D. B. TARAPOREVALA, SONS A 

CO., Bombay. 


(7) THACKER & CO , LTD., B()Mba\. 

(8) SUNDER PANDURANG, B0MBA^. 

(9) Rai Sahib M. GULAB SINGH Ar 

SONS, Lahore. 

(10) MANAGER, EDUCATIONAL BOOK 

DEPOT, Nagpur. 


A complete list of the publications of the Imperial Department ot 
Agriculture in India can be obtained on application from the 
Agricultural Adviser to the Government of India, Pusa, Bihar, or 
from any of the above-mentioned Agents. 

These publications are 

1. The Agricultural Journal of India, A Journal dealing with subjects connected with 
agricultural econoniiCH, heid and garden crops, economic plants and fruits, soils, manureK, 
methods of cultivation, irrigation, climatic conditions, insect pests, fungus diseases, 
co-operative credit, agricultural cattle, farm implements, and other agricultural matteis 
in India. Illustrations, including coloured plates, form a prominent feature of the Journal 
It 18 edited by the Agricultural Adviser to the Government of India, and is issued once 
every two months or six times a year. Annual Subscript ion ^ Rs 6 or 9« 6rf., including 
postage. Single copy, R. 1-8 or 2s. 

2. Scientihc Reports of the Agricultural Ueseaich Institute, Pusa (including the Report of 
the Imperial Cotton Specialist). 

3. Annual Report on the Progress of Agriculture in India. 

4. Pioceedings of the Board of Agriculture in India. 

5. Proceedings of Sectional Meetings of the Board of Agriculture. 

6. Memoirs of the Imperial Dopaitment of Agriculture in India : 

(a) Botanical Series. 

(b) Chemical Series, 

(c) Entomological Series. 

(d) Bacteriological Series. 

(e) Veterinary Series. 

7. Bulletins issued by the Agricultural Research Institute, Pusa. 

8. Books. 

The following are the publications of the last two years : — 

Soientifio Reports of the Agricultural Research Institute and College, Pusa (including the 
Report of the Imperial Cotton Specialist), for the year 1917-18. Price, R. 1-4 or 2«. 

Soientifio Reports of the Agricultural Research Institute, Pusa (including the Report of the 
Imperial Cotton Specialist), for the year 1918-19. Price, R. 1-4 or 2s. 

Report on the Progress pf Agriculture in India for the year 1917-18 Price, R. 1-8 or 2s. 3d. 

Report on the Process of Agriculture in India for the year 1918-19. Price, R. 1-8 or 2s. 3d. 

Proceedin|f8 of the Board of Agriculture in India, held at Pusa on the Ist December, 1919, and 
following days (with Appendices). Price, As. 12 or Is, 3d. 

Proceedings of the Second Meeting of Mycological Workers in India, held at Pusa on the 
20th February, 1919, and following days. Price, As* 11 or Is, 

Proceedings of the first Meeting of Agricultural Chemists and Bacteriologists, held at Pusa 
on 2i%n February, 1919* and the following days. Price, B. 1 or Is, 
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Prooeadindri of the First Meeting of Veterinary Officers in India, held at Lahore on the 
24th March, 1919, and following days (with Appendices). Price, As. 8 or 9d« 

Proceedings of the Third Bntomological Meeting, held at Pusa in February 1919. {In ths 

pr§it.) 


MEMOIRS OF THE DEPARTMENT OF AGRICULTURE IN INDIA 


BOTANICAL SERIES 


Vol. 

IX, 

No. 

IV. 

Vol. 

IX, 

No. 

V. 

Vol. 

X, 

No. 

I. 

Vol. 

X. 

No, 

II. 

Vol. 

X. 

No. 

HI. 

Vol. 

X, 

No. 

IV. 

Vol. 

X, 

No. 

V. 

Vol. 

X. 

No. 

VI. 

Vol. 

Xf. 

No. 

I. 

Vol. 

XI. 

No. 

II. 


Studies in Indian Sugarcanes, No. 3. The Glassification of Indian Canes 
with special reference to the Saretha and Sunnabile Groups, by G. A. 
Barbbr, 8c. d. Price, R. 2-4 or .3#. 
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WHITE WAGTAIL ( MOTACILLA ALBA). 


Anginal 


THE LATE FRANCIS MILBURN 
HOWLETT, B.A., F.B.S. 

The death of Francis Milburn Hewlett at Mussoorie on August 
20th was felt as a keen personal loss by those who knew him best, 
and leaves a gap in the ranks of scientific workers in India that can 
hardly be filled. 

He was bom at Wymondham in Norfolk in January 1877, and 
graduated with Honours from Christ’s College, Cambridge, in 1899, 
and was thus 30 years of age in 1907 when he joined the Indian 
Agricultural Department, after working for some time as Professor 
of Biology at the Muir Central College, Allahabad. 

His appointment as Second Imperial Entomologist at Pusa 
brought him into contact with H. Maxwell-Lefroy to whom he 
always evinced a characteristic loyalty. At Pusa he specialized on 
“ flies,” and prepared the sections on Mallophaga, Diptera, Cimicidf® 
and Anoplura for Lefroy’s book “ Indian Insect Life.” He was also 
no mean artist, and the high standard of illustrations attained in its 
earlier days by the “ Agricultural Journal of India ” was due largely 
to his oft-sought advice and criticism, while his humorous sketches 
will long be remembered by his contemporaries at Pusa. 

Besides contributions to departmental publications, he published 
a number of papers in scientific journals the subjects of which will 
give some idea of the special trend of his entomological work. 
They include 

The Influence of Temperature upon the biting of Mosquitoes. 

{Parasitology, December 1910.) 

( 689 ) 
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The Efiect of Oil of Citronella on two species of Doom. 

{Trans. ErU. Soo., October 1912.) 

The Natural Host of Phlebotomus minutm, and 
Insect Life-Histories and Parasitism. (Both in the Indian 
Journal of Medical Research, Vol. I, No. 1, July 1913.) 
A Trap for Thrips. {Jour. Econ. Biol., London, March 1914.) 
Chemical Reactions of ^ruit Flies. {BuU. Ento. Research, 
London, December 1915.) 

He was elected President of the Zoological Section of the Sixth 
Indian Science Congress held in Bombay in January 1919, and gave 
an address on “ Tactics againt Insects.” 

At the time of his death he had completed the manuscript of a 
book on “ The Control of Harmful Insects ” which he intended to 
publish shortly. 

His services were utilized by the Military Department in India 
in connection with the control of mosquitoes and of the flies which 
convey Surra in camels, and at Home in dealing with the disease- 
carrying insects that added to the danger of the war zones, including 
lice and sandflies. 

Of his work in the special line that he had selected. Dr. Tragardh 
wrote in the “ Bulletin of Entomological Research” : “ In my opinion, 
the investigations of VerschafEelt, Dewitz, and Hewlett, if regarded 
in the light of the researches of physiologists into chemotropism, are 
of an importance which cannot be overestimated, and will guide 
practical entomology into new lines. Intimate co-operation between 
vegetable chemistry and entomology in the question will surely 
provide us with good weapons in our fight with many insects eigainst 
which we are at present absolutely helpless.” 

It is worth mentioning here two very interesting discoveries 
which he made. 

One was with regard to fleas. In a course of experiments he 
discovered that fleas have an extreme dislike for wet grass, and that 
when forced to choose between sittmg on wet grass, and on grass 
which has been sprinkled with kerosine oil, all the fleas would leave 
the wet grass, and crowd on to the grass covered with kerosine oil. 
This experiment has an obvious bearing on questions concerning the 
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diffusion of plague, and helps to explain why plague ceases every 
year at the beginning of the rains, and does not start again until 
after the rains, either in the cold or hot weather, and also helps to 
explain why plague has never got a foothold in Bengal and other 
water-logged areas. 

Another discovery was that certain kinds of mosquito larvfe 
could live for comparatively long periods in quite dry earth. 
Hewlett’s method of announcing his discovery to the scientific 
world was characteristic of the man. All he did was to send a tube 
containing some dust to a scientific exhibition, with a short note 
requesting that on arrival some water might be poured into the tube, 
which should then be covered with gauze. In due course mosquitoes 
emerged, and the success of the experiment acknowledged. 
Both experiments require and deserve verification and further 
investigation. 

Hewlett was a man of almost childlike simplicity and originality 
of outlook, and with many interests. He was the most delightful of 
companions and the truest of friends. He had the faults as well as 
the merits of the artistic temperament. Keenly alive to the possi- 
bilities of a new idea, old and half worked out schemes were apt to be 
jostled aside and displaced in the ardour of some new investigation. 
He was a bom schoolmaster, delighted in teaching, and could make 
all subjects interesting, and had the gift of implanting in his disciples 
some of his own enthusiasm. 

I He was a combative apostle of Pure Besearch, and his disappear- 
ance from the ranks of scientists of this order will be a serious 
blow to the cause. 
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India has many liirds which visit the plains as winter tourists 
only, passing the summer months either in the hills or in “ the 
hack of beyond ” far to the north of the mighty Himalayas. Every- 
one is familiar with the fact that ducks, for example, migrate in 
this way but it may be news to some of our readers that most of our 
common Wagtails also act in this manner, visiting India only in the 
cold weather and passing the summer in Northern Asia. About a 
dozen different species are found in India but only one {Motacilla 
mademspaiensis), a black species with a conspicuous white eyebrow, 
looking not unlike a magpie-robin but never carrying the tail 
erected, is a permanent resident. All are very similar in general 
build, being slenderly built, dainty-looking birds, mostly coloured 
in mixtures of black, white and grey, occasionally yellowish or 
greenish, their delicate slimness Iiarmonizing well with their lightness 
of gait as they run with great speed after their quariy, never hopping, 
but sometimes making little sallies into the air, and constantly 
wagging their tails whose outer feathers are always white and con- 
spicuous during flight ; whence their popular name. Then, as 
Cunningham has well remarked, they are so alluringly tame, merely 
mnning on in front of one and expostulating at being disturbed ; 
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and, if persistently followed along a narrow path, making off on a 
brief, undulating flight to pitch anew a little way ahead in a way 
that gives one the fullest opportunity of becoming familiar with 
them. They are so tame that they often come into verandahs of 
bungalows and pick up insects off the floor. The migrant species 
usually arrive in India during September and remain with \is until 
the end of the cold weather, the White Wagtail leaving Bihar 
before the end of April. 

Wagtails feed mostly on small insects, chiefly flies, small 
beetles, ants and caterpillars, but occasionally pick up seeds also. 
The insects eaten are not of any beneficial kinds and in many cases 
are injurious to crops, and therefore these birds as a whole must be 
reckoned amongst the farmer’s friends. It is a pity that most of 
them are absent from India during the Ruins, when insect life 
is so abimdant. 'I’he particular species which we have selected as a 
representative of this group is the White Wagtail {MotariUu alba), 
which Dewar briefly describes as, general colour of plumage grey ; 
face, chin, and throat white, back of head and nape black ; a black 
patch on the breast, the remainder of lower plumage white ; the 
wings white with much black on them : the middle tail-feathers 
black, the outer ones white. Our plate (Frontisj)iece) gives a good 
general idea of its a])peara.m‘e. It has a very pleasant note. It 
is found throughout most parts of India during the winter 
months but does not occur in Southern India nor South of 
Moulmein in Burma. The Masked Wagtail {M. jyersonata) is by 
some authors regarded as a distinct species, but by others as 
a form of M. alba, from which it differs by the ear-coverts 
and sides of neck being always black, whereas in M. alba these 
parts are always whitewashed. The distribution of M. personata 
much resembles that of M. alba, but it does not occur east of 
Calcutta and is a constant resident, and breeds, in North-West 
India. 

The White Wagtail is a regular visitor to England during its 
time of migration from the Continent of Europe and breeds in 
England at times and has been known to pair there with the Pied 
Wagtail {M. luguhris), a species which does not occur in India. 
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Its nest has been found there in such odd places as in a Sand Martin’s 
burrow, in the middle of a strawberry bed, and amongst a Virginian 
creeper growing over trellis-work. The eggs are bluish-white, 
speckled with black. So far as we know, it never breeds in India, 
and Hume in his Nests and Eggs of Indian Birds omits the White 
Wagtail altogether but mentions the Masked Wagtail, M. personata, 
which is perhaps a subspecies of the White Wagtail, as breeding in 
Afghanistan in May and June, the nest being usually placed in 
holes, under large stones, in or near beds of rivers. 

The habits of the WTiite W^agtail resemble those of the Pied. 
Dr. A. G. Butler gives some interesting notes on the latter species, 
in the course of which he says, “ their power of turning in the air 
is astounding ; few insects, however eccentric; their flight, can hope 
to escape them. If a Wagtail is on the ground and it sees an insect 
flying towards it, instead of starting madly forward to meet its 
prey, it excitedly watches all the insect’s movements and suddenly 
(when the latter is almost overhead) the agile bird rises with a 
rapid spiral movement, which looks almost like a somersault, the 
snap of its mandibles is heard, and all is over.” He also writes, 
“ even when caught wild, most examples of Motacilla soon become 
tame if kindly treated ; they are easy to feed, living for years upon 
crumbled household bread, yolk of egg and ants’ cocoons, moistened 
(either by the addition of a little water or mashed jjotato) and a 
few insects, their larvae or spiders from time to time.” 

As most species of Wagtails are not permanent residents and 
do not breed in India, they have not received legislative protection 
in most Provinces, except in Bengal where they are protected 
throughout the year and in Burma where they are protected in 
reserved forests from being hunted, shot, snared or trapped for 
purposes of trade. 
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In the above review I have attempted to l)riiig into prominence 
the salient features of the Egyptian cotton problem. I’he subject is 
a wide one and touches at many })oints on several of the conunonly 
accepted divisions of science. I may now attempt to collect these 
into some systematic scheme which will serve as a foundation on 
which to build the organization which will be recpiired to attack the 
problem successfully and as an indication of the staff and equipment 
which will be required for this attack. It will, perhaps, be objected 
that no mention has been made of the commercial aspect which 
is concerned with the disposal of the crop. While recognizing 
the importance of this aspect to the country generally, I do 
not hold that it falls within the sphere of a Ministry of Agriculture 
as such. The primary work of that Ministry is completed wlien it 
has pointed the way to obtain the maximum yield of pure cottons, 
and it is only directly concerned with the subsecpient disposal of the 
produce in as far as it may be necessary, te })rotect the seed supply 
required for sowing and to ensure for this a condition of purity. 
This is, however, an important point — the end ferm of the series 
which commences with the single plant of the plant-breeder. Every 
link of the chain forming that series must be adequately guarded 
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and the last, no less than the first, will require consideration if the field 
of investigation is to be covered. 

We can recognize in the above review four p imary lines of 
investigation to which we apply the terms Economic, Botanical, 
Agricultural, and Commercial, and to these we may add certain 
(;ollateral lines. These may, in like manner, be termed Entomological, 
Mycological, Bacteriological, and Physical. But let me not be 
misunderstood in this matter ; the difference between the primary 
arid collateral lines, as here defined, is not one of relative practical 
importance. The former are concerned directly with the plant 
and its produce, the latter with the subsidiary conditions of growth 
which make cultivation an economic proposition. The two groups 
are truly complementary, for it is as useless to produce a potentially 
valuable plant, if the conditions of growth do not permit it to 
develop its inherent qualities, as it is to control those conditions 
in the absence of a plant capable of reaping the full benefit of 
that control. 

Primary lines. 


J. Bmnmnk. 

The essential economic considerations liave been seen to include 
diversity of (^lasses accompanied by uniformity within the class 
itself. I’liat diversity is required to meet the needs of different 
sections of the tiade ; the demand for any particular class is, thus, 
to some extent . ndependent of the demand for other classes and the 
magnitude of the demand depends on the relative importance of the 
section mainly concerned in working up that class. A knowledge 
of the normal relative requirement of the different classes and the 
normal relative price of these, under conditions when supply and 
demand about balance, is of primary importance. 

Tn view of the probable early disappearance of Egypt’s mono- 
})oli8tic position with regard to certain classes of cotton, accurate 
information is also required of the developments taking place in all 
countries likely to encroach on that monopoly. Especial care 
requires to be taken in the collection of statistical information on 
both these heads. 
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II. Botanical. 

(1) Selection. Selection requires to be conducted on two 
independent .lines and work along both of these should be conducted 
simultaneously. In the first place, and this forms the most important 
immediate need, selection should be directed to isolating, and 
maintaining the purity of races yielding the standard classes of the 
present day. Such selection forms the basis of any scheme which 
aims at eliminating ‘ degeneration ’ wliich, in its ultimate form, is 
interpreted as due to an inherent plant character giving to the type 
a limited span of life. 

Secondly, it must be directed to the discovery and subsequent 
isolation of new, and hitherto unrecognized, types, whether the 
novelty affects the quality of. the cotton or the behaviour of the 
plant in the field. It will cover the search for such plants as 
develop improved lint, a higher ginning percent., a vigo:ous habit, 
accompanied by high yield or an early maturation. 

(2) Hi/hridizafiov. The aim of suclt work is, ultimately, 
identical with that of the latter forjn of selection. Here, however, 
the method is directed. But niore than this is invt)lved. We are 
still ignorant of the factors controlling juany of even the more 
obvious plant chaiacters a,nd there is much prelimiitarv work to be 
done in this direction. 

(3) Plii/siolufui. J’hysiological i n vest ig.it ion will bear on the 
general problem at several points. At each stage of its history 
the plant is in direct, response t(t its environment and growth will be 
controlled by one or other of the factors composing that 
environment. In its broadest, outline physiological investigation 
will be directed to determining the limiting factors throughout. In 
the more particular aspect it will be din^cted to determining the 
effect of root interference, the causes of bud and fruit shedding, and 
the effect of such factors as water-supply on quality of lint. 

III. AgriciiUuml. 

In the direct sequence, which we have termed primary, 
agricultural investigation will carry on the tests of the pure races a 
stage further and will require facih’ties for working up a seed supply 
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of such as successfully pass these tests. Such tests must include 
not merely comparative trials in one area — ^for, as we have seen, not 
the least important aim will be the demarcation of type tracts — ^but 
in several areas. Trial grounds will thus be required in each 
well-defined tract. The working up of a seed supply, involving, 
as it does, a different set of conditions, and one which will 
effectively maintain purity, requires separate treatment. 

Secondly, provision must be made for subsidiary lines of 
agricultural investigation, cultural and manurial experiments, 
and experiments on the water requirements of the field crop. 
Such investigations are linked, on the one hand, with the 
physiological work already referred to and, on the other, with the 
general agricultural problems of the country. 

IV. Commercial. 

I apply this term in the strictly limited sense defined above. 
The Agricultural Section can, at the most, produce what constitutes 
a mere fraction of the seed required for sowing, and purity will not 
be maintained without some organization to control the crop and to 
prevent admixture followed by degeneration, after the seed passes 
beyond direct Ministerial control. 

Collateral lines.* 

F. Entomological. 

This section of the Ministry is the most highly organized of any 
at the present time. The subject, too, lies outside the scope 
of this Report. Reference is made to this line of investigation here 
merely with the object of indicating that I have not overlooked the 


* A certain amount of cnticif-m has been directed against the omission of any reference 
to chemistry in the list of subjects here enumerated. 1 think, however, it will be clear that 
such omission implies no disparagement of the work of the chemist. It must be remembered 
that 1 am not concerned with the activities of the Ministry in their entirety but merely 
with tliosc activities as they concern the cotton problem. The centre of gravity is, thus, 
shifted, and my enumeration extends beyond those subjects which directly bear on that 
problem only to a degree sufficient to indicate how my proposals dovetail into the general 
organization. The subjects arc necessarily dealt with incompletely and in a somewhat 
different order from that in which they would occur Were a review of the entire activities of 
the Ministry under consideration. 
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subject and that I recognize that any pro])osals that I am led to 
make would be of little advantage did they not ftt into the scheme 
as a whole. 

VI. Mycological. 

From the aspect of the cotton crop, pure and simple, there 
appears to be small field for mycological work though its importance 
may develop at any moment. From the point of view of the general 
activities of the Ministry as a whole there is, especially in relation 
to horticulture, considerable scope for mycological investigation. 

VII. liadcrMlngivnl. 

Such investigation is concerned witli agriculture generally, 
and is concerned with the subject of cotton merely in as far as that 
forms one, although the most important, of the crops grown. Litth; 
work has been done on bacterial action in the soils of Egypt,. The 
field is large, important and practically unexplored ; there can be 
little doubt that such action is of considerable magnitude and, if 
controlled, capable of exerting considerable influence on crop 
development. On the one hand, the .study connc'cts up with purely 
agricultural investigation at such points as mamnial and cultural 
experiment and, on the other, with the jjhysical investigatiojis on 
soil moisture, its movement and control, 

VIII. Physical. 

The most important line of physical investigation is, without 
doubt, that which concerns the relation betAveen the level of the 
subsoil water (water table) and the rise of the Nile, whether that 
relation be direct or indirect through the canal system. As such, the 
subject is closely connected with the irrigation system. Considerable 
scope for investigation lies also in the direction of determining 
the permeability of soils of different charatder and the rate 
of surface tension flow through these. I am tempted to think that, 
by a control of such flow through cultural means, irrigation could 
be much reduced in tracts in which the presence of salts is not 
marked. This line of investigation is, thus, intimately connected 
with the purely agricultural cultural experiments. 
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IV. 

I have briefly outlined eight lines of investigation using as 
a basis the commonly accepted divisions of science. These cover 
the field presented by the cotton problem of Egypt. It will be 
convenient if, before I proceed further and enquire in greater detail 
into the requirements both as regards equipment and organization 
if these investigations are to be carried out in an efficient manner, 
I outline the course that will be followed in the development of 
any particular race which it is desired to develop through the 
experimental, to the practical, stage. Sxich development concerns 
those sections which I have denoted primary. The close interrelation 
that exists lietween these four sections and the necessity for full 
continuity from one stage to the next, a (“ontinuity which 
organization must r('cognize and allow for, will thus become apparent. 

In its simplest terms, then, the work of the Botaiiical Section 
will consist of the isolat ion hy means of single plant cultui’es— and 
for the present purpose, these cultiires may arise as direct selections 
or as the result of hybridization- (»f pure races of cotton. Of such 
races, in the earliest stages, only a small amount of seed will 
be available. 'Phis work is. further, cetitralized ; reduction in the 
niimber of races has to be effected and such reduction must be 
accomplished by trial under conditions more nearly apj)roaching 
those of the cultivators’ fields. Jn particular, these trials must 
be carried out with a view to testing the relative suitability to the 
different environmental conditions found in the cotton growing 
tracts ; in other words, trial requij’cs to be made with a view to 
bringing into prominence any particular adaptability of the race 
to the type tracts to which reference has been made. Such work 
must, from ite very nature, be decentralized. 

As the result of such comparative trials under different 
environmental conditions the number of races which survive 
elimination will be comparatively small. For these, further trials 
on a field scale and an organization for multiplying up a seed 
supply under c-onditions which will ensure pririty are required. The 
degree of supervision here required is such that direct and complete 
control by the Ministry is essential. 
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From the seed supply so produced distribution will be made to 
extra-Ministerial agencies and here, for the first time, direct eontac^t 
with the public will be reached. As T have stated above, the amount 
of seed that can be procured under such rigid control will be, under 
any organization ]:)racticable, but an iota of that required to sow ('ven 
one type tract. Control, and the organization which accompanies 
it, cannot, therefore, cease here. That seed nuisl be issued 
to a circle of selected and more reliable, cultivators with whom 
arrangements for the repurchase of the crop foj- the purpose of 
increasing the seed supply are possible. These cultivatoi-s will, in 
the following year, be supplied with a fresh stock from the directly 
controlled (lovernment stock, while the seed recovered from them is 
issued to a further set of cultivators. 

1 may set out, the above scheme in tabular form: 

(1) Research — the isolation of races in a condition of 

purity. 

(2) Experimental trial small cultures grown comparatively 

under differing environnrental conditions. 

(;?) Field trials - in tho.se tracts onlv which the trials ititder 
(2) have jrroved suitable. 

(4) Seed production - the bulk dcvclopincirt of rr jture seerl 
•supply. 

(.')) Heed distribution--- the organization of :i .seed supply 
sufficient to meet the full nr'cds of the tract. 

We are now in a position to consider the equipment that will be 
needed to allow the successful developmeirt of this scheme for passing 
from the experimental to the practical issue. At the foundation 
of the s(^henie is the Botanical Section which will require a 
Research Farm. On this farm will be conducted, by the botanical 
staff, all that work which aims ultimately at the production of pure 
races. With a three-year rotation and an area of 25 to 30 acres 
under cotton at one time, some 70 — 90 acres will be needed for 
this farm. 

For the experimental trial of such races as result from the 
botanical research farm small experimental plots, totalling two to 
three acres, will be required and these must be repeated in each 
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recognized type tract. The number of races sufficiently promising 
to be subjected to such test§ will be relatively small for any one 
season. Repetition is, however, an essence of the trial in order to 
reduce, as far as possible, the probable error, and the area here given 
will allow for the necessary repetitions to be made at each centre 
of trial. These areas are too small to form a unit in themselves and 
they may conveniently form part of an Experimental Farm. 

An experimental farm will be required for each definite tract 
and will form the site on which will be conducted all the purely 
agricultural experiments including, in addition to the experimental 
trials just alluded to, the field trials forming the third stage of 
development. For each of these an area of some 150 acres will be 
required. 

Seed multiplication demands a distinct area, or Seed Farm, 
with a minimum of 150 acres giving 50 acres of cotton. 
Specialization is here required to ensure purity. Again, one such 
farm is reqiiired for each type tract as defined above. 

The seed derived from the seed farms is available for distribution 
and for this, as follows from what I have already said, no equipment 
in the form of land is needed. 

We may now turn to the question of organization which will 
realize most completely the opportunities offered by the institution 
of such farms throughout the country. 

As before, I may commence with the Botanical Section with 
its staff engaged in detailed investigation leading up to the 
establishment of pure races which, in the first instance, will amount 
to cultures each totalling in the neighbourhood of some 200 plants. 
From such cultures sufficient seed will be available to provide 
a supply for the experimental trials and also to multiply up, on 
the research farm, a seed supply of sufficient magnitude to sow 1-2 
acres. Of those races which satisfy the preliminary experimental’ 
tests there will thus be sufficient seed to carry on to the seed farm 
which will be fully stocked in the third year. 

The Agricultural Section with its staff controls the experimental 
farms and, by conducting the experimental trials, will have 
early opportunity to become familiar with the results of the work 
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of the Botanical Section. It will also have the opportunity of 
forming an independent opinion of the value of the various races 
submitted for trial. Such check is valuable, affording, as it does, 
criticism from a different angle. The ultimate selection as to which 
races are to be continued and which discarded will rest jointly with 
the botanical and agricultural officers. 

The seed farms are not so readily allocated. Their primary 
function is to work up a stock of pure seed and for this purpose 
botanical control and botanical examination are desirable. At 
the same time their location makes centralized control difficult 
while, for the same reason, they fall naturally into a district 
organization. We have here to strike the balance between the 
different disabilities, and I am inclined to think that the deciding 
factor should be one of individuality. It might be found 
advisable to adopt a middle course in this matter, placing 
the seed farm nearest to headquarters under the Botanical 
Section and the remainder under the respective district agricultural 
officers. 

From the seed farm seed is issued to the cultivators, using that 
word in its widest sense. The selection of these is a matter for 
the district officer whose knowledge of his district should be such 
as to enable him to select the more reliable cultivators for the 
purpose. These may be actual cultivators or landholders who take 
a personal interest in the management of their estates. No doubt, 
too, valuable assistance could be rendered by the State Domains in 
this direction. 

Before proceeding to the discussion of the wider distribution 
of seed with the precautions necessary to maintain purity I may 
summarize the scheme here outlined by a diagrammatic 
representation of the stages in the development of a pure race. 

The diagram opposite indicates the method by which purity is 
maintained up to the commercial stage with which we have now to 
deal. It may be described as a series of waves originating with 
the research farm and passing from thence outwards. There is 
no backward flow of seed and the effect of any accidental cause 
leading to imparity is, thus, eliminated automatically. 
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The agricultural organization conceived in this scheme is one 
of a series of circles (to use an Indian term) baaed as far possible 
on type tracts and, therefore, since these are determined by 
environmental conditions,' on climate. Each circle will be in charge 
of a circle officer whose work is dual. On the one hand, he will have 
control of an experimental farm and, on the other, he must develop 
an intimate knowledge of his circle and be in a position to select 
reliable men to whom he can entrust the cultivation of the 
seed issued from the seed farms. The former, to l)e properly 
developed, will require a great deal of personal work involving 
residence at the local headquarters at tlie busiest season, the latter 
frequent- touring. 1'he two functions are incompatible and if one 
or other line of work is not to be neglected, it seems essential that 
two officers should normally be allowed on the strength of each 
circle, an arrangement which has certain administrative advantages. 

V. 

With such an organization the maintenance of purity in the 
seed supply up t-o the stage when issue is first made to the public 
should not. offer any great difficulty. AVe have now to consider the 
organization required for the further multiplication of that seed. 
It is here that the work of the Commercial Section will commence. 
Such a section is already in existence, but its activities have been 
confined to the supply of seed to the smaller cultivator and in 1919 
approximately 30 per cent, of the cotton area was sown to seed so 
issued. Effective though that organization appears to be, it does 
not strike at the root of the problem. The seed is sown under no 
control and is of little or no value in increasing the supply of purer 
seed. Many of the larger cultivators too appear to be as careless as 
the smaller in this matter. It is immaterial whether the cause is 
ignorance or economic pressure, the effect is the same. Some more 
general control of the seed supply is needed, and such control must 
avoid the assumption by Government, as represented by the 
Ministry, of the function of a general dealer in seed. It would 
appear possible, by working along the lines indicated below, which 
are the outcome of conversations held by me in Alexandria, to 
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evolve a workable acbeme which will ensure a certain standard 
of seed and, at the same time, provide the means of working up as 
far as may be necessary, while maintaining purity, the seed of 
the races which find their origin in the work of the Botanical 
Section. 

The agricultural organization, as we have Iracod it , gives a seed 
supply sufficient to sow 500 acres. Allowing a margin for cases 
in which doubt attaches, the circle officer should l)e al)I(' to recover 
seed sufficient to sow 4,000 acres in the succeeding year. He will 
be able to lotjate the fields planted to that seed, hut it will he heyond 
his means to recover the seed. Were he now t.o notify the ginners 
of the names of these growers with the area grown hy each, it should 
be possible to intercept a fair proportion of t Ik; crop so grown as it 
comes into the ginneries and, hy arrangement with the gimier, this 
could be ginned and the seed kept separate. Such seed will now 
receive a (Government mark indicating that it is passed as taqawi 
(cotton seed used for sowing). I am here making various assumptions ; 
I assume an intimate local knowledge on the pa i t of the circle officer 
which will enable him to select reliable men ; 1 assume the form that 
reliability takes will include a willingness to deal with the ginner 
selected, and 1 assume the existence of ginners who appreciate the 
importance of a guarded seed supply sufficiently to take t he necessary 
trouble. From what I have been able to gather on these matters 
I am inclined to think that all these assumptions are well founded. 

The ginner will now dispose of this taqawi seed in the normal 
course of his business hut will keep a record for the information of 
the circle officer of the purchasers. 'I'he latter will thus he able, 
by a system of inspections during the succeeding year, to draw up a 
list of cultivators whose crop is sufficiently j)ure to serve as a source 
of taqawi. His selection will continue imtil he can find no more 
fields sufficiently pure to serve as a basis for seed supply — a condition 
which will occur during the early years of introduction — or until he 
has arranged for a sufficient supply, allowing for wastage, to 
meet the needs of the tract it is desired to plant to that kind. 

I have described the organization with especial reference to the 
introduction of new races but, as I conceive it, that will not be the 
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main function of the scheme. I conceive the scheme, as described, 
merely as the preliminary stage in the evolution of a more complete 
one aimed at licensing the ginneries for taqawi. 

The licensee will keep a record — 

(1) of the cultivators whose crops have gone to the production 

of taqawi, including a statement of the kind and the 
amount ; 

(2) of the persons to whom he has disposed of that seed, again 

including a statement of the kind and amount in 
each transaction. 

In the selection of the seed cotton he will be guided by inform- 
ation supplied him by the circle officer aided by his own judgment. 
Where the source has not previously been inspected the seed cotton 
will be passed by the circle officer before it is ginned. All 
such taqawi seed will receive an official seal. The disposal of 
tliis seed will l)e subject 1o no further control than is indicated 
in (2). 

These two lists, I suggest, should go to the Commercial Section 
of the Ministry, which will, thus, be in a position to collate the 
information with regard to seed supply by circles and to furnish 
the circle officers with such collated lists. The Commercial 
Section will also 'be responsible for extending the present 
distribution of seed to small holders,* for which it will obtain its 
supply from the sealed stock in the hands of the ginners, but the 
supply to the larger holders will remain uncontrolled. 

Under this scheme, when fully developed, the circle officer 
will be in possession, through the Commercial Section, of 
information as to the source of the seed from which a large proportion 
of the cotton in his circle is grown. He will thus be in a position 
to check to some extent the efficacy of the system of licensing. 
By using his local knowledge and concentrating on the larger 
holders he will be in a position to exercise control over the bulk of 
the cotton crop of his circle with the minimum of effort. 


^ ♦ The maxitnum amount iseued in one lot is 10 ardebs (1 ardebKa6'44 bushels), or 
snfSoient for 2o feddans (1 feddan=l*U4 acres), representing a holding of betw««» 60 and 75 
feddans. 
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I am not here concerned so much with the development of a 
scheme practical in all its details — for such, pracitical experience 
and a local knowledge I do not possess is essential— as with outlining 
the main features any scheme, to be effective, must possess. Among 
such features I place the absence of penalty against the licensee. 
Success or failure will depend very largely on the goodwill of these. 

In the “ Agricultural Journal of Egypt,” Vol. VIII, p. 69, an 
account is given of the system of control of taqawi instituted in 
connection with the control of cotton seed organized in 1917. The 
problem was then approached from a different standpoint and the 
control is, therefore, of a somewhat different nature to that which I 
have just suggested. It introduces control at a stage when that 
control is difficult of application and of a nature which, at first sight, 
appears to be restrictive. It is, for that reason, that I hesitated 
to suggest any cont rol at this stage. The fact that the scheme has 
been developed without serious criticism from the financial 
interests affected makes it worth considering whetlier its institution 
on a permanent basis is not desirable. It is truly complementary 
to the scheme I have here proposed ; there is no fundamental 
incompatibility between them, since they do not cover the same 
ground, and there should be no great difficulty in making the two 
dovetail into each other. 

There appear to be a body of responsible ginners who fully 
recognize the importance of seed control and who would willingly 
undertake to make such returns. The position is more nearly that 
of a co-partnership for mutual benefit than one of enforcement of a 
restrictive order. For the services provided. Government guarantees 
a partial monopoly. In such a system any penalty beyond the 
removal of the license is inadmissible, and penalty, if any be required, 
will be imposed on the purchaser of non-guaranteed seed. The 
use to which the returns are put will end normally wfith the check 
which they will enable the district officer to make. Of one fact I 
am thoroughly convinced, if a scheme based on the goodwill and 
co-operation of the ginner be wanting in success, no scheme based on 
compulsion and the enforcement of penalties will lead to any better 
result. 
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It is recognized that any scheme such as I have outlined will 
throw a considerable amount of work on the circle officers to 
accomplish which a large portion of their time will be spent in 
touring. It is very largely recognition of this fact which is 
responsible for the suggestion that the normal senior staff of the 
circle shall be two ; the senior engaged mainly in touring and the 
district work and the junior on experimental work. 

I have left reference to the economic aspect till the last because 
the discussion of the system outlined for the introduction of new, 
and the maintenance of purity in old, races throws a certain light 
on this. Statistical information is required both of the relative 
quantities of the different classes grown, of the value realized for 
these, and of the development of cottons capable of replacing these 
but grown in other countries. The system 1 have outlined for 
licensing ginneries and the information contained in the lists proposed 
in connection with that system should provide the materials for a 
very accurate estimate of the relative areas sown to the various races, 
and it is partly on this account that 1 have suggested the 
centralization of the work of abstracting these in the Commercial 
Section. Information with regard to prices and to the cottons 
produced in countries other than Egypt must be derived from 
external sources. With a definite idea of what information is 
required, it should not be difficult, by enlisting the services of the 
Empire Cotton Growing Committee, of the Fine Spinners Association, 
or of the International Federation, to arrange for statistics to be 
prepared in suitable form. The work of collating and recording 
this information requires no separate section and might conveniently 
be entrusted to the Commercial Section. 

VI. 

It will, perhaps, render these proposals clear if I refer to a few 
practical problems of the present day and show in what manner 
the scheme outlined will affect their development. 

Mr. Bolland, some years ago, commenced a series of selections 
of the standard Egyptian cottons with a view to developing cultures 
of these which would give a more uniform product than is now 
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commonly attained. Of these, we may consider the Ashmonni 
culture. His method is, to describe it briefly, based on single plant 
selection of t 3 rpical plants. The offspring of these single plants are 
grown separately, are examined in detail, and the seed of those 
plants which conform most nearly to the ideal of the Ashmouni type 
is harvested again separately, and sown the following year, as 
single plant cultures to form his Orade I crop. The seed of the 
remaining plants is harvested and bulked together to form liis 
Grade TI crop. In the following year the single plant Grade I 
cultures are again examined and from them single plants are selected. 
The remaining Grade I plants ju-ovide the next year’s Grade TI 
crop while the Grade II cr(}p is sown as Grade 111 crop. 

This process is repeated annually, the seed from the Grade III 
crop being issued to cultivators who grow^ it as Grade IV crop. 
Certain of these cultivators sow it under Ministerial supervision and the 
Ministry retains the right of purchase of the produce from this in 
the remainder of the Grade TV crop and, subsequently, control ceases 
and the amount of controlled seed at the disposal of the Ministry is, 
thus, limited to that from the controlled portion of the Grade IV 
crop, or enough to sow sonic 500 — 600 feddans. 

This area is a mere fraction even of that which is sown to the 
Ashmouni seed distributed by the Conunercial Section of the 
Ministry — 'Over 100,000 feddans in 1919— and the Ministry is compelled, 
therefore, to seek its supply from ginneries. Now if this seed, 
selected on Mr. Bolland’s scheme, is materially to affect the 
Ashmouni crop, and that presumably is the only justification for the 
labour incurred in that selection, the Ministry must check the 
sowings and trace the produce of those crops which it finds to be 
sufiiciently pure to the giimeries, and must purchase the seed obtained 
from it to form what we may term a Grade V crop. Let us examine 
the practical aspect of this more closely. 

In a letter recently received by the Ministry, 1 find the following 
remarks ; they refer to produce from the uncontrolled section of 
the Grade IV crop : — 

‘‘ The cotton was grown in two villages ; the sample from the 
former shows a good coloured brown Ashmouni with as good staple 
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as we have seen this season ; there are, however, streaks of lighter 

coloured cotton which is curious, seeing that the seed is pure ” 

The latter ‘‘ is however entirely different to the first lot ; it contains 
a short wasty cotton and the class is barely F. G. F. It is 
surprising that it is supposed to be the same seed and perhaps you may 
be able to indicate the cause of deterioration.” 

Again I have examined some samples of the seed cotton of this 
same Grade IV crop and have found it more mixed than the majority 
of commercial samples of Ashmouni that I have seen. In the former 
case, there is a distinct and large divergence between the produce 
raised from two identical lots of seed ; in the latter, admixture 
sufficient to render the produce less uniform than most of the 
uncontrolled Ashmouni crop. 

The explanation cannot be given with certainty since there have 
been no independent observations of the various crops concerned, 
but it is probably this. In the first case both crops are sown with 
the controlled seed and in one instance germinations were successful 
and resowing unnecessary ; in the second instance, a large proportion 
of the crop consisted of second sowings and these were made with 
seed of different origin. The second case forms a parallel to the 
second instance of the first case and second sowings with seed of 
different origin was largely resorted to. In the first of these three 
instances only can the crop be truly considered to be of 
Mr. Bolland’s Ashmouni, the seed of the remainder is worthless for 
further distribution. Yet, the name is retained for the produce 
of all these cultures and the Ministry has no means of judging 
which are the reliable lots when it comes to purchase from the 
gins. The cessation of control after the Grade IV crop, therefore, 
renders it impossible to assure a supply of reliable seed for more than 
500 — 600 feddans. 

Were, now, an organization, such as I have outlined, to be in 
operation, the district officer would be in a position to see that these 
500 - 600 feddans belonged to responsible persons who could be relied 
on to carry out any resowing with the same seed as that supplied. 
His local knowledge would, moreover, enable him to place the 
entire Grade IV crop in the hands of reliable persons. Even 
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supposing he fails to exercise any supervision over the distribution of 
the seed and the sowings, he would know wlierc it was growing, could 
inspect the crops, see which of these maintained their purity, trace 
these to the ginneries, and so place at the disposal of tlie Ministry a 
yearly increasing supply of seed of known quality. 

As a second instance, T may take the case of the Domains. 
Here Mr. Jeffreys has, for a number of years, devoted much labour to 
purifying the field crops of some of the more iniportant varieties of 
Lower Egypt, notably Sakel and Assili. His method differs from 
the above and may be termed bulk selection. From the field crop, 
before general picking commences, he collected a l)ulk of seed taken 
only from those plants which correspond to the ideal of the type in 
question. The seed from the produce so collected is sown se]ja- 
rately, rogued during the course of its growth and again gone 
through before harvest, and a similar amount of seed cotton of the 
most typical plants taken. The remaining seed is used to extend 
the area under the selected crop. In this w'ay he has worked up an 
area of 10,000 feddans in which the crop is manifestly purer than any 
I have seen elsewhere, and it forms a distinct advance in uniformity 
on any of the crops commonly grown. He has also maintained 
on a fair scale in a state of considerable purity many other 
types, notably those evolved by Dr. Balls. We are here, however, 
onlv concerned with the two varieties, Sakel and Assili — of which 
a commercial seed supply is raised. Under present circumstances 
that seed, totalling 13,000—15,000 ardebs, is used partly by 
the Domains for sowing the area under their direct cidtivation, 
using some 3,000 to 3,500 ardebs ; partly for sowing a large area of 
leased lands, absorbing some 5,000 to 6,000 ardebs. The remaining 
seed is placed at the disposal of the Ministry which distriljutes it 
through the Commercial Section to cultivators in small lots. In 
all except the first case, and the extent of that is only sufficient to 
produce the same volume of seed yearly, control ceases. The 
subsequent cultivator is usually a small man who may, or may 
not, resow with seed of unknown origin. 

Apart from the difficulty of re-collecting from a large number 
of small holders, the value of such seed for taqawi is very 
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questionable. Practically, therefore, the efforts made on the 
Domains merely result in the maintenance of a certain fairly 
constant volume of seed and there is no cumulative effect leading to 
increase. 

Here, again, were there an organization such as T have outlined, 
the Domains seed would pass to the larger private estates, the 
district officer would be supplied with particulars of these, would 
inspect the crops, note which are the purest of these, trace them 
to the ginneries, and place at the disposal of the Ministry for 
distribution to the smaller cultivators an ever increasing source 
of supply of reliable seed. 

VI r. 

T have indicated the essential points of an organization for the 
development of improved cottons and for the introduction of these 
on a commercial scale under conditions which will maintain a 
sufficient degree of purity. As described, the outstanding feature 
of that organization is continuity. But wliile continuity is essential 
to the successive stages of that development , such c-ontinuity is not 
possible in the organization. At least three sections of the Ministry, 
the Botanical, the Agiicultural and the C'ommercial, are concerned. 
Success will depend on the maintenance of that continuity of work 
in spite of the discontinuity of agents, and the danger to the scheme 
lies at those points where the activities of two agencies meet. The 
function of organization should l>e the prevention of any hiatus 
occurring at these points and it should leave the maximum of freedom 
within the sections themselves. 

This necessity for continuity requires to be emphasized, 
liecently a Cottorj Reseanffi Board has been instituted with the 
underlying idea that, the control of cotton research shall be 
midertaken by it, leaving the practical aspects of the problem to the 
Ministry. Such a division of functions, T think, is hardly consistent 
with the development of the continuity I hold to be essential for 
the successful development of the scheme. It institutes a duality of 
control which is almost certain to lead to a break in contimiitv, and 
to the establishment of the hiatus it is most desirable to avoid. 
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The idea underlying the separatioti of research from practice appears 
to be based on analogy with English conditions. Here the tendency 
is in the direction of such separation. 1 am inclined to think tliat 
this analogy is not a true one, especially in matters like agriculture. 
In England the farmer is educated and he apyueedates the value of 
improved seed in crop pi'oduction. He himself carries out the later 
stages of seed production inasmuch as he y)iii‘chases a limited 
amount of pedigree seed a.nd, from the croy) y)roduced fnan this, 
sows his entire area, if the trial proves the superiority f»f the race under 
the local conditions. He is, 1 1ms, able and willing to pay a high yrrice 
for pedigree seed, for the amount he has artually to ymrehase is 
small. It is that ability and willingness which makes the production 
of pedigree stock a financial ynoyrosition for tin* seedsman. In 
Egypt the conditions are far different. The cidtivator is uneducated 
and even illiterate. There is no general recognition of the value of 
pedigree stock, no willingness to yray a high y) 7 ice for such, and, 
consequently, no encouragement for the seedsjnan and ydant-breeder 
on a financial basis, (lovernment must control the seed snpydy 
not only during t he early stages but, throughout . Not oidy. therefore, 
is continuity essential in the Research Hf'ction y)ur(' and simple, but 
that continuity must extend to the ('oiiiniercial Section as well - a 
continuity which is not likely to be fostered by widening the* breach 
between research and practice. Such continuity will, in mv oynnion, 
be best maintained by the in.stitution of a (Vtton (bmmittee Avithin 
the Ministry itself. This committee will be comy)osed of the heads 
of the various sections eonc-erned with the develoyunent of cotton and 
will sit under the presidency of the Unclej- Secretaiy of State for 
Agricidture. It wtll deal with all matters of a geiieral nature 
affecting more than one section and dec-icle all ejuestions of yjrinc-iple. 
It must, however, avoid any interferenc-e Avith the actual work of 
the individual sections once the general lines of pcdic^y have been 
decided. The decision as to what shall, or shall not, come before 
the committee must rest with the Under Secredary of State, hkirther, 
the committee w'ill form a c-onvenient body to deal with any matters 
of general principle now referred to the Under S cretary of State 
by Government. The committee should be Ilexible, and that 
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flexibility may be given to it by a power to co-opt members for 
particular purposes. 

It, perhaps, carries me too far beyond the range of my terms 
of reference, but it may help to render my conception of the working 
of this Ministerial committee more clear, if I say that I look upon 
this committee merely as one of a number of such committees. It is, 
in my opinion, the most satisfactory means of dealing with all 
technical subjects which concern more than one section of the 
Ministry. On the one hand, they form a most convenient means 
for deciding, by mutual discussion, the lines of work of the different 
sections, so that these may dovetail into each other while, at the 
same time, automatically placing on record a Ministerial policy ; 
on the other, they form a definite body to which the Under Secretary 
of State can refer such references on technical matters as are 
received from Government and from which he can obtain an 
authoritative technical opinion. 

The field presented by the cotton problem, however, in its 
entirety, extends beyond the scope of the Ministry of Agriculture. 
On the one side, there are the Domains. These form an enormous 
potential asset for the development of a controlled seed supply. I 
have already shown how it is that the Domains have failed to pass 
from a potential, to a practical, asset in this respect, and how it 
is that the very successful efforts are largely dissipated. A liaison 
requires to be effected between the Domains and the Ministry by 
which such questions as the varieties it is desirable that the Domains 
should grow, and the distribution of the seed raised on the Domains’ 
land, can be settled. On the other side is the physical investigation 
for the conduct of which the Physical Service is relied on. It may 
also be remarked that the development of that work may raise 
important questions of water-supply which will involve the 
Irrigation Department. At least three extra-Ministerial bodies are, 
thus, concerned and between them some liaison is desirable. 

I am aware that my proposal for the establishment of a 
committee within the Ministry will appear to undermine the position 
of the Cotton llesearch Board as at present instituted. This it 
undoubtedly does, but it indicates the desirability of a Board 
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occupying the Bame position with respect to the Ministry as the 
existing Board but with somewhat different functions. By the 
decree instituting that Board its function is defined as ‘ to combine, 
co-ordinate and extend the quality and yield of cotton grown in 
Egypt.’ From the general aspect I have already indicated the 
undesirability of separating research from practice in the economic 
conditions prevalent in Egypt and, from the particular aspect, Ihere 
appears to me the danger of a most undesiral)le duality of control. 
As I conceive it, the Board should serve the function of liaison agent 
between the Ministry of Agriculture and such extra-Ministerial 
bodies as are concerned with the cotton problem. The Ministerial 
note explaining the decree says ‘ the Board will maintain ’ close 
touch with cotton grower, ginners and spinners so as to know their 
‘ needs.’ I have dealt with this aspect elsewhere. It is the work 
enumerated by me as economic. I have suggested that this be 
performed by the Commercial Section and provision lias already 
been made for it in the proposals I have already made. 


{To he continued.) 



FLAX IN THE UNITED PROVINCES. 

BY 

B. C. BURT, B.Sc., 

Depulji IHredor oj Agriculture, Central Circle, U. V. 

In a recent number of Capital ” an extract was published 
from a note on the prospects of flax cultivation in the United 
Provinces, originally published at the request of the United Provinces 
Department of Industries in 1915, and which was reproduced at the 
time in the “ Indian IVade Journal ” and in several periodicals. When 
that note was written the price of agricultural produce had not 
been materially affected by the war, and although flax had risen 
substantially in price it had not reached anything like its present 
high level. Nor was there any indi(;ation of an acute world shortage 
of flax such as is now apparent. 

In the note referred to it was showji that several years’ ex- 
periments at the Cawnpore Experimental Farm had proved that flax 
could be successfully grc)wn in the canal-irrigated tracts of the U. P. 
On the basis of the Dooriah factory^ experiments, with flax at 
about £60 per ton and with a fibre percentage of 8 per cent., Mr. 
Vandekerkhove estimated that a central factory could afford to pay 
R. 1 pel" maund (82‘3 lb.) of rippled straw to growers. At Cawnpore 
the perceJitage of good fibre to straw was 10 to 12, and on this basis, 
prior to the war, U, P. flax was worth at least R. 1-4 per maund. 

It was shown that yields of 40 maunds per acre of rippled 
straw could be obtained without difficulty, given irrigation, and that 
in a favourable year 00 maunds might be expected. On this basis 
and assuming pre-war prices for wheat and similar crops, flax, 
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when due allowance was made for the value of the seed, was worth 
as much as an average crop of wheat at even R. 1 per rnaund for 
straw. 

Conditions have now tnaterially altered : the prices of wheal 
and other food grains have advanced materially and. although 
there was a temporary fall at the last harvest, it seems not unlikely 
that future calculations must be based on five rupees per maund for 
wheat and at least eight annas per maund for straw {hhma) except 
in villages remote from the larger markets. With the higher yielding 
Pusa wheats, now established over very considerable areas in the 
neighbourhood of Cawnpore, yields of 20 maunds per acre of grain 
and approximately 40 maunds of straw are being legularly obtained 
by a large number of wheat-growers, and with good cultivation 
substantially higher yields are not uncommon. Flax as a canal- 
irrigated crop would come into direct competition with wheat from the 
grower’s point of view, and an acre of flax would therefore need 
to yield at least Rs. 140 to equal wheat. Allowing for the 
somewhat increased labour required for pulling and handling, and 
for the fact that no grower would abandon a food crop for a purely 
commercial crop unless he saw considerable profit in doing so, it is 
clear that flax would no longer be a profitable crop at R. 1 per 
maund of straw. 

On the other hand, the present price* of even medium quality 
flax is in the neighbourhood of £300 per ton. and it seems unlikely 
that within the next few years it will be less than £lo0 per ton. 
A central factory could, therefore, afford to pay some Rs. 5 to Rs. 0 
per maund for rippled straw for a nunilwr of years. This would 
give the grower some Rs. 200 to Rs. 240 per acre for his straw in an 
average year. 

The value of a flax crop at the present time is materially 
enhanced by the price of the seed, since seed imported from England 
costs at least Rs. 40 per maund. On the other hand, if the seed is 
not so handled as to be fit for sale for fibre growing its value will be 
slightly less than that of ordinary linseed, say, Rs. 8 per noaund. 

Although flax can be successfully grown in the U. P. it cannot 
be too clearly stated that there is not the slightest chance of 
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flax-growing developing as a purely village industry. The retting and 
scutching of flax require an amount of care and attention impossible 
in the average village. Nor is the average cultivator in a position 
to finance a crop of this kind, the seed for which would cost some 
Rs. 60 per acre, unless he has a definite guarantee of a purchaser for 
his straw. Given a central factory for retting and scutching, there 
would be little difficulty in persuading cultivators to grow flax. 
Without a central factory no progress is possible. 

In addition to purchasing straw for cash it would also probably 
be necessary for the central factory to finance growers to a certain 
extent, particularly by supplying seed on credit. In view of the 
present marked discrepancy between the price of flax seed and 
ordinary linseed it would be desirable for the central factory to 
make its own arrangements for rippling and to purchase the seed 
on the straw. Working on these lines advances in kind could be 
safely made and the central factory would automatically obtain a 
supply of seed for the extension of its operations since the surplus 
seed could be purchased from the cultivator at a reasonable price. 

Flax when grown at Cawnpore appears to degenerate gradually 
if constantly grown from local seed. This was very clearly shown 
by experience at Cawnpore with flax obtained originally from 
Holland, which had been acclimatized in Bihar for one year. For 
about three years flax of good quality was obtained, after that 
degeneration was fairly rapid and the fibre obtained was too short 
for anything but the coarsest spinning. Hence any business concern 
taking up flax would have to face the necessity of importing a 
certain proportion of its seed annually. 

Recent experiments. 

In October 1919 English flax seed (Dutch Child) was obtained 
from the Ministry of Agriculture (Flax Production Branch) and 
also a small supply of Japanese seed from the Flax Control Board. 
The latter was believed to be of Dutch origin but its parentage is 
not known. Both these varieties grew well at Cawnpore. Full 
figures are not yet available as the bulk of the crop has been retained 
for retting and scutching during the coming cold weather in accordance 
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with previous practice. The yield of straw per acre was lower 
than usual — Japanese flax 42 maunds per acre, English flax (Dutch 
Child) 35 maunds per acre — on account of an unusual shortage of canal 
water (such as has not been recorded at Cawnpore for some 8 years) 
which prevented adequate irrigation being given. The seed yields 
were 5^ maunds per acre for English flax and 7 maunds per acre for 
Japanese flax. On a preliminary trial the fibre percentage was 17, 
which is unusually high, but this figure requires confirmation under 
normal conditions. The crop grew well and the length of the fibre 
was satisfactory. 

Throughout the Dooriah flax experiments retting and scutching 
was postponed until the beginning of the cold weather following 
the harvesting of the straw. This involves the locking iip of capital 
for a period of six months and, under present market conditions, 
the central factory would also have to take the risk of very 
considerable market fluctuations. Though possibly not a disadvantage 
at present this might be sufficient to cause material loss when flax 
production in other countries recovers. Experiments were, therefore, 
carried out to see whether retting and scutching could be performed 
in April immediately after the flax harvest. The high temperatures 
caused less difficulty than was expected in retting. Scutching was 
difficult on account of the intense dryness of the air and could only 
be carried on in a closed room artificially kept damp. During the 
monsoon retting would be impracticable, but scutching appears to 
present no particular difficulty. Until valuations are received of 
flax retted and scutched in April and flax from the same crop retted 
and scutched in October-November it is not possible to say how far 
hot weather retting is feasible, but the point is obviously of 
considerable importance. 



SOMK OBSERVATIONS ON THE ROOTS OF 
FRUIT TREES 


BY 

W. BUENS, D. Sc., 

Emwmie Botanic, Bombay ; 

AND 

L. B. KULKAENI, L. Ao., 

()J Ihe Bonbay AtfricuUural Dejxirtmmt. 


The following observations were made on the roots of Citrus 
trees in two places, and on the roots of guava trees in one place. 

Citrus. 

The Vernacular Agricultural School at Loni, near Poona, had a 
fruit plot which was not entirely satisfactory, being planted to a 
number of varieties of fruit trees some of which grew indifferently. 
It was decided to take out all these trees and replant with one variety. 
Opportunity was taken to expose fully the root system of a typical 
orange tree of the loose skinned type (Santra) and also the root 
system of a typical orange tree of the tight skinned type {MosanM 
or sweet lime). The following history of the plants is of interest. 
There was one line of each. Both were budded on the JanAuri 
stock, a variety of Citrus medica. The soil was alluvial loam, varying 
in depth from 1 to 2^ feet, with hard trap just underneath. The 
surface slope was about 5 degrees (estimated) running down to a 
nulla. The trees were planted in -November 1914, and so were 
nearly five years old when the roots were exposed in October 1919, 
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Fig, 1, Santra tree at Loni, showing spread of lateral roots. 



Fig, 2. Mosambi tree at Loni, showing spread of lateral roots. 
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For two years after planting the plants were irrigated in basins up to 
the stem. These basins were of a radius of 3 feet. Thereafter 
ring irrigation was practised, the ring being widened yearly. The 
rings were cultivated by hand after each irrigation. General 
cultivation with a disc harrow was given once a month, and the soil 
was ploughed thrice a year to 5 inches deep. 

Water was given not at fixed intervals, but when the trees 
showed signs of needing it. The minimum interval was 10 days, the 
maximum 20, and the average 16 days. No root exposure was 
practised, and the trees flowered without any forcing. All did not 
flower at the same time, but the majority flowered in June. No 
inter-crop was taken after May 1917. The inter-crop previous to 
that date, if any, is unknown. 

While exposing the roots, one interesting physiological fact 
came to light. Exposure of the 
roots was begun on October 9. On 
October 11, the horizontal spread of 
the roots was entirely exposed. 

The plants remained thus without 
wilting till October 13, when they 
were examined. During this period ® 
the average day maximiun 
temperature was 93° F. and no 
water was given. The plants’ 
resistance to drought, with only a 
few roots left as absorbing organs, 
is therefore remarkable. 

Plate XXXV, fig. 1, represents 
the Santra tree, and Plate XXXV, fig. 2, the Mosamhi tree. 

The following points are noticeable: — 

(1) The relatively great spread of the root system. The height of 
the Sa/ntra plant was 10 feet 4 inches from the soil level. 

The root lengths laterally varied up to 13 feet 6 inches, wi h 
an average of 8 feet. It wiU be seen from the plan 
(Text-fig. 1) that the greatest length of roots occurred 
on the side where, in^the quincunx arrangement of the 
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trees, there was a wuy for them to get betwe^ the 
trees in the next row. 

The MosanAi tree had a height of 7 feet 4 indhes, and a 
trunk diameter at soil level of 4 inches, whidi 
diminished to inches at 18 inches below the 
surface (presumably the tap root). The average 
radius of the root circle was 6 feet 10 inches. 

(2) The next point of interest and importance is the compara- 
tive shallowness of the lateral roots. These, in both 
cases, started from 6 to 12 inches below the soil level 
and then spread out, branching and gradually rising in 
the soil. All these terminated in small richly-branched 
masses of feeding roots. Besides these lateral roots 
there were two or three roots of from one to half-an- 
inch diameter going deeper into the soil and apparently 
acting as anchoring roots. These, of course, could 
go no further when they came up against the hard 
trap underlying the soil. 

Plate XXXVI, fig. 1, shows a 14-year old Santm plant, also 
budded on Jamburi, growing in deep medium black soil in the 
Ganeshkhind Garden, Poona. The root system is here of precisely the 
same character. There are well developed lateral roots growing in all 
directions to an average radius of 10 feet, several roots being as far out 
as 16 feet, the mean point of origin of these laterals being about 9 inches 
below the soil surface. The anchoring roots were more strong and 
thick, but not numerous. This plant was suffering badly from die-back 
and many of the roots ^^showed rotting, apparently unaccompanied 
by fungus or insect attack. This tree had had its roots exposed 
yearly to check its growth and the roots near the trunk were all scarred 
and injured by the implements used, partial healing having taken place. 
Plate XXXVI, fig. 2, shows another tree in the same line in the last 
stage of die-back with all roots so rotten that few remained to be 
photographed. It is exceedingly likely that this was due to the 
waterlogging of this heavy soil. Balls^ records something similar for 
the cotton plant. Be states: — 

> Balls, W. L. << Tbe Cotton Plant in Fg^pt.” l»ia, p. Sa. 
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Fig. 2. Sanlra orange tree, at Ganeshkhind Garden. Planted in August 1905; 
photographed on 6th December 1919. Plant dead from die-back. 
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** Lastly we have to consider an abnormal limiting factor of 
root growth, namely, deficiency of soil oxygen, usually due to water- 
loi^ing of the minute interstices which the soil contains. Owing 
to the fact that its anatomical structure does not include an elaborate 
system of intercellular air-spaces, such as aquatic plants possess, 
the cotton root is locally asphyxiated in waterlogged soil, and in a 
few weeks even the stout, woody roots are not merely dead but 
decomposed.” 

The indigo plant, as we now know, suffers similarly from the 
destruction of the fine roots in the rains. 

The method of irrigation for the past ten years, at least of these 
trees, had been in basins of 6 feet square. Cultivation had been by 
hand in the basins and an occasional ploughing and harrowing 
between the lines. The distance apart of the trees was 16 feet and 
of the lines was 20 feet. 

From the above examples and various other observations we 
come to the conclusion that the Jamburi stock, universally used for 
oranges in the west of India, is a surface-rooting stock with a fair 
spread of lateral roots, but few deeply penetrating roots. Tliat the 
depth of the root system in Citrus stocks is largely a specific character 
independent of the environment has been shown in America. A 
specially good account of this phenomenon with photographs and 
drawings is given by J. W. Mills^ in comparing the root systems of 
what he calls Sweet-oranges, Pomelo and Florida Sour-orange. 
It is impossible without herbarium specimens to correlate these 
with any of our Indian species, but the facts show, for example, that 
the Sweet-orange is shallow rooting in all conditions. If this be so 
with our Jamburi also, then certain practical points immediately 
need attention. To begin with, it is obviously quite possible to 
grow plants on this stock on a soil of only 3 feet deep, if the soil is 
well drained. Second, cultivation should never be deep once the 
plants have been established, a maximum of 6 or 6 inches being 
all that is permissible, and less than that desirable. Third, water 
should be given all over the plantation after the fifth year, for 


\ Mills, J, W. Citrus Fruit Culture ” 1902, pp. 10—19, 
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the roots ate there. It may be double to irrigate difiraent parts 
of the soil between the trees in successive years to avoid formation 
of a pan or to anrange for ventilation of the soil, but the water should 
be distributed all over the ground and not localized. Foiurth, 
manurial experiments conducted with difEerent manures on adjacent 
lines of trees are worse than useless, as feeding roots from one tree 
enter the next line and any conclusions drawn will be false. 

Guavas. 

The observations on guava roots are of a somewhat difEerent 
character. In the year 1916, a piece of very poor ground, having 
from 2 to 20 inches thickness of soil and underlying it a tliin layer of 
murum (disintegrated trap), and then very hard trap, was blasted to 
give pita in which to plant guava trees. It was hoped that the 
shattering of the rock would allow this plant of well-known hardy 
character to penetrate the crevices and so grow. 

Seedling guava trees were planted in these pits in September 
1916. 

The roots of three were exposed in the last week of November 
1919 to see what growth had been made. Plate XXXVII shows a 
• typical case. This is plant No. 14. Text-fig. 2 is a drawing showing 
the root of the said plant to its utmost depth. 



Taxt>Ss. 2. 
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The points of importance are: the plants flourished, grew 
and developed normally. They seemed to suffer a little in the hot 
weather but soon picked up in the rains. As an example of their 
hardihood, we may take their behaviour when their roots were completely 
exposed for the purpose of the present investigation. The roots 
were open for 10 days. The plants completely dropped their leaves and 
appeared to be dead. After 8 days, however, the plants put forth 
new buds and are now (February 1920) in full leaf again. The root 
exposure was in the last week of November 1919. 

Second, careful study of the roots showed that the roots had 
actually penetrated the rock crevices between the shattered slabs 
as we had hoped, and had even made distinct indentations on the 
softer rock. The shattered rock was gradually disintegrating under 
the influence of soil, water, and roots. 

The average lateral spread of the roots was 7 feet 2 inches and 
these laterals came off about 7 inches below the surface of the soil. 
When the vertically descending roots met the underlying rock, or 
when laterally growing roots met the impenetrable, undisintegrated, 
unshattered trap, they bent back and went on growing till again 
held up, much like a root in a pot. In the surface soil, however, 
there was free scope for root growth. 

We may, therefore, generalise and say tliut iji .soil of 1 foot 
deep guavas may be successfully cultivated if the pits are very 
thoroughly blasted to a deptli of .3 feet. The blasting material used 
was gelignite, in varying amomits, with a primer of dynamite. The 
cost was six pies per cubic foot. 

For trees planted in such conditions, the following points 
require attention: — 

(1) Water must necessarily 1m) easily available and watering 

must be regular and at shorter intervals than to plants 
in normal soil, especially when the plants are in bearing ; 
otherwise the slightest shortage of water makes flowers 
and fruits wither. Plantations receiving canal water only 
are not advised, as the water supply may be irregular. 

(2) Root exposure for the forcing of flowers is unnecessary 

since the plants are easily dried off. 
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(3) Pruning of shoots for fruits is not advisable as dioots 

ate short, and there may occur undue exposure of the 
inner parts of the tree by pruning. 

(4) Since ripe fruits do not keep long on the trees, there should 

always be a ready market for these fruits. 

(5) With a good supply of water and manure, it is possible to 

get two crops a year as the period of bearing is shorter 
than usual. A plant which has borne flowers in June 
finishes its harvest in November and again bears in 
January and the harvest finishes in June. 

(6) The actual number of fruits produced per tree has, 

however, been unsatisfactory, averaging only 26. It 
is probable that special manuring will overcome this 
defect. 



“THE AMERICAN BLIGHT” OR “THE WOOLLY 
APHIS,” ERIOSOMA {SCHIZONEURA) 
LANIGERA, HAUSMANN. 


BY 

C. S. MISRA, B.A., 

. First As istanl to llie Imjie.rial Eidomoloyist. 

This Aphid is known as the “ Woolly Aphis ” or the “ American 
Blight ” and is a very serioas pest of the apple. It is known in all the 
apple-growing tracts of the world and a considerable amount of work 
has been done on it in Jilngland, America, Australia, New Zealand 
and South Afriou.. The insect is American in origin and was first 
introduced into England in 1787 and has ever since been on the 
increase. It was first noticed in India by the late Mr. Atkinson in 
1889 when he wrote that the Woolly Aphis “ had destroyed nearly 
every orchard in Coonoor.” Ever since that time fresh localities 
seem to have become affected and are likely to become so if no pre- 
cautions are taken now to circumvent the ravages of the worst pest 
of the apple. It must be borne in mind that if the pest once becomes 
well established in a locality or localities it is not easy to eradicate it. 
It has existed to a most alarming extent all through Kiunaon, as the 
following extract from a letter of Lt.-(Jol. Molesworth, Proprietor of 

the Bensar Estate, Almora District, April 1910, will show: — “ 

There is no doubt that very vigorous measures are necessary or the 
days of apple culture at least are numbered in this district. At 
Almora it has existed for many years. The gradual destruction of all 
fruit trees is very evident. It not only affects the well-grown 
trees, but is almost invariably foimd on young saplings and trees 
before they begin to bear. Hence the trees are diseased from the 
very b^inning, and can never be expected to flourish. It attacks 

( 627 ) 
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the roots as vindl as the branches and is the most destmclive foxmof 
plant dhease that can possibly attack trees. Young ’orchards that 
may be started in Kumaon cannot possibly flourish until we know 
how to stamp out the American Blight. It has been stamped out in 
Italy, and until similar measures are taken here, it is perfectly 
useless to try and start a fruit industry.” 

I can personally bear testimony to the above. In 1917, when I 
was on privilege leave, I had occasions to examine the apple orchards 
‘ in the Almora District and there it was impossible to find a tree 
that was free from the pest. The people generally used to bring 
branches for my examination, but 'it was useless to suggest remedial 
measures for a pest that was present underground on the roots of 
almost all the apple trees in the locality. The people could never 
be induced to believe that the cause of the death of their apple 
trees was an insect that was present on the roots of trees under- 
ground. That the pest is bad in the vicinity of Simla is evident 
from an extract of a letter from Lt.-Col. Bernard Scott, dated the 

I2th October, 1910 : — “ We -have here (Kodiali Estate, 

District Simla) about 1,000 young fruit trees, mostly apples, rating 
from 2 to 7 years. Last year some of the apples were attacked 
by a disease which we take to be Woolly Aphis, introduced we think 
with a consignment of young trees from England. The varieties of 
apple we grow are: Devonshire Quarrenden (badly attacked), 
Worcester Peannaiu (badly attacked), King of the Pippins (very 
slightly attacked), Sturncr Pippin (very slightly attacked). Lady 
Ludeley, Allan’s Everlasting and Cox’s Orange Pippin (free). Those 
trees which are attacked swell at the diseased points into knotty 
lumps, mostly near the collar, the wounds after healing generally 

throwing out short aerial roots ” 

Last year during October, Major H. R. Wigram, Secretary, 
Kashmir State Game Preservation Department, wrote: — “ I am 
sending you some apple twigs (Plate XXXVIII) attacked by a white, 
frothy parasite named by Mon. Pechaad as the ‘Woolly Aphis.’ It 
was imported from China some years ago and is now becoming a perfect 
pest in Kashmir. The only way to saw a garden is to cut out and 
Inim every tree that is attached. This course has been adopted and , 




PLATE XXXIX. 



stem, ICulu. 
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thousands of trees in the garden of the Maharaja, as well as the 
State gardens, have been destroyed. I cannot believe that there is 
no cure, and as I am most unwilling to sacrifice valuable trees, I am 
writing to you for advice. If it means death to the trees, it is, I 
consider, a very serious noatter as the disease may spread throughout 
India, with disastrous results. It only attacks apple trees as far as 
we can see, and only some kinds.” 

A month after, further specimens were received from the Forest 
Ranger, Sikkim State, Gangtok, from the apple orchard at Lachimg 
(Sikkim). The stems of stocks (Plate XXXIX, fig. 1) as well as the 
stems of grafted trees were very badly attacked by the Woolly Aphis, 
and it was doubtful if the trees could survive long the attack of the pest. 
The roots of trees were malformed into hard convoluted enlargements 
and could scarcely be expected to perform their normal function. The 
same was found to be the case with specimens received from Kulu in 
the Punjab (Plate XXXIX, fig. 2). 

The Woolly Aphis is widely distributed, and is present in England, 
France, Belgium, Germany, Italy, Transcaucasia, the United States of 
America, Mexico, Chile, Canada, South Africa, the Transvaal, 
Australia, New Zealand, Ttismania, China, Japan and India. It is 
known as the “ American Blight,” the “ woolly blight,” the “woolly 
plantlouse,” the “woolly apple-louse,” the “apple blight,” the 
“woolly louse,” the “apple tree root-louse,” the “woolly louse of 
the apple ” and the “ blood-louse.” In France it is generally called 
“Puceron lanigere,” and in Germany is known as “Bluttlaus.” 
In India it is bad in the Himalayas, especially Kumaon and the 
Nilgiris. It is known to occur at the following places*: — 


Jalna 

Kali 

Muktesar 
Ranikhet 
Chaubattia 
Binsar estate 


Kumaon, U. P. 


•Noted feera records available in the Entomological Section, Agricultural ReiH'Hieli 
InsUt^ Pcua. 
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Baiidrdld, Kuiu, Punjab. 

Kodiali estate, SimK Punjab. . 

Bangal<»e 
CocBioor 
Ootacamund 
Taung-g 3 n, Southern Shan States, Burma. 

Lachung, Gangtok, Sikkim. 

The Woolly Aphis is not only destructive to young stock, but old 
trees do not escape from it. The young as well as the adults sudc 
out the sap constantly and thus lessen the vitality of the tree. They 
puncture the young wood and cause abnormal growths of soft 
tissues which form rounded swellings which split later on and form 
rugose deformities so characteristic of the presence of the Woolly 
Aphis (Plate XL). Such deformities are sometimes mistaken for the 
canker. They also damage the roots and form gall-like swellings 
which do not split. The efEwt of the presence of the Aphis on the 
stems as well as the roots is that the plant is unable to withstand 
the drain and dies prematurely. Those that survive become stunted 
in growth and produce only scanty and poor quality of fruit. In 
some places it has been proved that an attack of the Woolly Aphis 
predisposes the plant to the attacks of the canker. 

There are two forms of the Aphid, the one attacking the roots, 
detected by the knotty appearance of the infested roots (Plate XXXIX, 
fig. 2), and the other attacking the limbs and the trunk. The aerial 
form is very prominent and is detected easily by the presence of whitish 
flocculent patches on the stems (Plate XLl.) 

The subterranean form is not so easy to detect unless the roots 
are opened out and examined. But generally the presence of tlie 
aerial form on the branches is an index of the presence of the 
underground form on the roots of the plant. 

The Woolly Aphis was known to attack the apple only, but now 
it has been proved conclusively in America^ that the elm is the 
primary host of the spedes. If, therefore, there ‘ are any elms in tlffi 

^ Baker, A. C. ** The Woolly Aphis.’* Bept, NOi 101, of Agn* Bit/rem of 1 

Mnimohgy, 1915* ; 


South India. 
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WOOLLY APHIS ON BRANCH OF YOUNG APPLE. 

{ After Washburn . } 
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immediate neighbourhood of apple orchards, a sharp look-out should 
be kept, and if any patches of flocculent whitish stuff are found on 
them, they should be treated promptly and simultaneously with 
those on the appL. Considerable work has already been done in 
America and elsewhere and it is presumed that the details of 
life-history, etc., though they have not been worked out in detail 
here, will stand good in the case of this country also with certain 
modifications, though it has been found in France that the 
Aphid has altered its habits since its importation about 100 years 
ago. 

Those who wish to know the life-history in detail should consult 
the latest works^ on the pest, and I think the leaders of the Journal 
will greatly benefit themselves if they were to read what has been 
effected in Australia and South Africa with the introduction of 
blight-iesistant stocks. 

There is no doubt that the pest was introduced into this country 
on stocks imported from abroad and tliis points to the danger of 
importing varieties of fruit trees and flowers without projier examination 
and treatment at the port of disembarkation. The passing of the 
Destructive Insects and Pests Act of 1914 precludes the possibilities 
of such introductions now, but there is no measure by which 
seedlings or grafts from affected localities could be prevented from 
entering into localities which have hitherto remamed immune. 
With demobilization and the end of the last great war, many 
people in North India are actively thinking of taking to fruit 
culture in the Himalayas, especially in Kulu and Kumaon, and 
such people should desist from obtaining tLeir stocks or grafts from 
affected localities or else they will be put to considerable expense and 
loss in course of time. 

^ Marchal, P. Le cycle cvohitif du Pucemn laiugorc dii Ponunicr Erie, laiiigerum.” 
Ham. C, R. hebdom. Acad. Sci., Paris, (JLXIX, No. 5, 4th Aug, 1919, pp, 211-216. Rev, App. 
Ento., VII, A, 10, p. 432, Oct. 1919. 

Baker, A. C. ** The Woolly Aphis.” Rept. No. 101, U. Dept. Agri. Bureau oj 
ErUomohgy, 1915. 

Theobald, P. V. “Insect Posts of Fruit,” pp. 141—163, 1909. 

Monthly Bull. Cal, Elate’ Commiss, Horlte, EacramerUo, Vol. VI, Nos. 11-12, Nov. 
and l)eo. 1917, 
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My main object in writing this short note has been to draw the 
attention of such would-be fruit-growers and they would do well to 
follow the brief recommendations made herein. For more detailed 
infor.nation they should consult the latest work done on the pest in 
England, America, Australia and South Africa. Of the two forms 
of the Aphid, that which lives on the roots of apple trees is the most 
difficult to desd with, but with experiment and observation the 
ravages of the subterranean form have teen considerably lessened or 
altogether eliminated by grafting the selected but susceptible 
varieties on such resistant varieties of apple as the Majetin and the 
Northern Spy. The usual method in South Africa is first to graft a 
slip of resistant branch on to a resistant root and later to graft 
on this stock the particular variety of apple desired to propagate. 
To further the work of the esfciblishment and selection of resistant 
stocks, observations f!om a number of places and on a number of 
varieties are recpiired, and if the readers of tliis Journal will keep 
a record of their observations, as was done by Lt.-Col. Bernard 
Scott {vide his letter quoted above), considerable information will 
a(5cunudate which will be of great use to pros|x;ctive apple-growers in 
different parts of the (iountry. 'I'hey should particularly avoid 
jdauting affected stock which shoidd be detained from reliable 
nurserymen (ally. If, however, there are any doubts, the roots of 
plants should be o|K'ned and examined. If they are twisted, 
milformwl or swollen, theie is ev(uy reason to susjiect. tiiat. they are 
iiffected and as such should be condemned and burned. If, however, 
t he affection is slight they should be thoroughly treated with kerosine 
emulsion or hot. water before being planted out permanently in the 
ojchard. Old and badly infested trees should be completely dug out 
and burned, and the space utilized for other crops for a series of 
years. If this is not done soon, there is every possibility of other 
trees becoming affected, and the whole orchard becoming, in course 
of tmie, a hotbed for the propagation of the pest and a somce of 
danger to the adjoining apple orchards. 

The aerial form is easily detected by the presence of bluish-white 
llocculenf patches on the stems as seen in Plate XLI. This form 
can be easily controlled by spraying the infested trees with any of 
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tlie contact insecticides, cradc oil emulsion, kcrosine emulsion, or 
fishoil resin soap. I^ie flocculent bluish-wliite secretion which 
cQvers the bodies of nymphs, as well as the adults, is secreted from 
wax poras* interspersed on the IxKly of the Apliid and possibly nets 
as a good insulator against inclenumcies of weatluM- and the dampness 
of the earth, especially in the ease of the underground forms 
(Plate XLTI). In order that the conbmt spray-fluid should conic in 
immediate contact with the bodies of the Woolly Aphis, it is lu'cessarv 
that the spraying should be done persistently and with a. force-puniji 
provided with an air-chamber, so as to remove the bloom surrounding 
the bodies of the Aphid. I’o do this satisfact orily, an extra quantity 
of spray fluid should be used, and at frequent intervals, until no trace 
of the pest is left on the trees. The extra expenditure thus incurred 
will be more than counterbalanced by the good results obtained 
later on. 

The use of tobacco has had a maiked success in dealing with 
this serious pest. The tobacco destroys the Aphids by leaching 
through the soil and acts as a bar for a year or so to reinfestation. 
The dust is a, waste product of tobacco factories and possesses the 
additional value of being fully worth its cost as a, fertilijier.i In 
one of the latest works on the peat it is stated ^ It was found 
that Black leaf 40, 1 part to ],000 parts of water, iioured into the 
soil around the roots practically freed the trees from the root- 
infesting form. The experiraeirt was then tried of planting a, plot with 
tobacco, the refuse from this growth being chopped up and placed in 
trenches around the fruit trees, 5 lb. Ixjing used for each tree. This 
was first applied in November and the rest towards the end of 
February ; the second application seemed to be the most successful 
and an orchard badly attached by Enosmmi lanifierum is i\ow 
entirely free from infestation Though this treatment of 


* Specimens treated with aiiinionia-feiTJc-sulphato, stained avj tit Delatield's htemalnxyliii, 
oounterstained witli eosin in absolute alcohol, cleared in eedarwood oil and mounted in 
Xylol Balsam. 

^ Circular No, 80, Revised edition, U. 8, Dept. Agrl. Bur. Entow., June 1908. 

* ** Rept. of County Hort. Coramiss.” Monthly Bull. Cal. State Gomtnifis, Ilorlk. 
Sacramento, Vol. VI, Nos. 11 and 12, pp. 415-i82, Nov, and Dec. 1917. Bev. of Applied 
ErUom,, Vol. VI, "A, 3, pp,^797-98, March 1918. 


634 AOMCULTUBAL JOURNAL OF INDIA [XV, VI. 

root-infesting fom^ of Aphids is still in the experimental stage, 
it is considered worthy of recommendation to growers.” 

If these preventive and remedial measures are adopted, it is hoped 
that the ravages of the pest will be minimized and circumscribed 
considerably. It will no longer lay a heavy toll on the yearly produce, 
and the main impediment; to the extension of the budding apple 
industry in the Northern Himalayas will be removed completely. 
With the extended rise of blight-resistant stocks, the dreaded 
pest will be brought within su<-h control that, what Mr. French, the 
(Tovermnent hhitomologist. of Victoria,, Avrote in 1904 will hold good 
more or less in this country also. He said ^ : — “ Before the advent of 
these excellent blight-resisting stocks, the Majetin and the Northern 
Spy, it was exceedingly difficult, to find in most orchards an apple 
tree that was clean or in perfect health. Now, with a little care 
and attention, the fruit-grower, as a rule, may snap his fingers at the 
American-blight ” 


\Note. the list of localities given by Mr. Misra as infected 
with this Aphid, may be added Shillong and Hamgarh (Kumaon 
District). Probably all apple-growing distrii^ts in India and Burma 
have been infected by means of tin*, importation of diseased stock. 
As regards control, (1) in the case of newly imported stock, whether 
received from anywhere in or outside of India, it shoidd be 
examined very carefull)'^ on receipt and before planting and, if there 
is the least sign of infection, the plants .should be wiped over with 
an insecticide such as methylated spirits (used successfully in the 
Government Fruit Garden at Shillong) ; if t,he trees are badly 
infected, the best thing to do is to burn them forthwith. (2) In the 
case of orchards which are already infected, every endeavour 
should be made to keep the pe.st within control, liy attacking it 
immediately it is .seen and not, allowing it to .spread. If trees 
appear sickly without obvious cause, the presence of this Aphid 
may be suspected and the roots should be opened up and, if the 


^ French, C. ** Destructive Insects of Victoria,” Vol. I, p. 37, 1904. 
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Aphid is present, treated with a contact insecticide, and a good 
quantity of waste tobacco be placed around the roots. The aerial 
forms, living on the trunk and branches of the trees, should be 
treated with a contact spray or wash, thorough treatment being 
essential. Special endeavours should be made to clteck Ihis pest at 
the time when the winged adults appear, in order to })rcvent these 
from spreading infection throughout the orchard. At Kamgarh I 
noticed the winged adults present about the third week of August 
1918 and probably this date will hold good, approximately at least, 
throughout the Hinvalayan Region.- T. Bainbrioge Fletcher, 
Imperial Entomologist.] 



A PRELIMINARY NOTE ON THE EFFECT OF 
WATERINGS ON THE AMOUNT OF ACIDS 
SECRETED BY THE GRAMPLANT 
(CICER ARIETINVM)* 

BY 

D. L. SAHASRABUDDHE, L.Aa., B.Sc., 

Ansislant Projrssor of Chemist rtf, Agricultvral College, Poom, 

Introductory. 

It has long been Icnown that the gram plant secretes and 
deposits an ac.id liquid all over its surface. This peculiar acid 
secretion was studied in some of its aspects by me some years ago 
and the results of that study were published in Bulletin No. 46 oj the 
Agricultural Research Institute, Pusa, in 1914. The following 
conclusions were arrived at: — 

(1) The whole gram plant is covered with two kinds of hairs 

simple and glandular. The glandular hairs with knobs 
are found in large proportion on the ovaries and the 
pods and the amount of acid produced by the parts 
covered with glandular hairs is far greater than the 
amount produced by the other parts of the plant. 

(2) When the plant is two weeks old, it is covered with the 

acid liquid equivalent to about 0‘36 gramme of 
caustic potash per hundred grammes of dry matter of 
the plant and the acidity goes on increasing up to 3 or 
even 3’5 grammes of caustic potash when the pods are 
well developed but decreases when the plants begin to 
ripen. 

• Paper read at the Seventh Indian Science Congieas, Nagpur, 1020. 
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(3) The acids in the liquid consist of malic acid 90 to 96 

per cent., oxalic acid 4 to 9 per cent., and volatile acids 
0*1 to 0’5 per cent. 

(4) The plant is continually producing acid and if the 

plant is washed with water the usual acidity is 
recovered in about a week. 

(6) Lastly, about 2,000 grammes of malic acid could be collected 
from one acre of gram crop. 

It was subsequently proposed to find out the effect of waterings 
and manures on the quantity of acid produced, and the following 
are the results arrived at from the pot experiments carried out at 
Poona. 


The effect of waterings. 

The experiments were carried out in glazed pots buried in the 
ground, the surface area of the soil in pots being 1‘39 square feet. 
Soil sufficient to fill all the necessary pots was collected together and 
properly mixed in order to make it uniform for the pots. The pots 
were filled with the mixed soil with a gentle pressure and watered 
with one gallon of water per pot. The seed was sown when the 
moisture condition of the soil was favourable for sowing.* The seed 
was carefully selected to keep uniformity. There were in all 18 pots 
used. They were in six rows of three pots each and in each pot three 
seeds were sown on 23rd October, 1914. The seeds germinated on 
the 2nd of November and the waterings were started from that date, 
each watering being equal to 1,000 c. c. of water, f 

The pots in the first row were watered every day, in the second 
row twice a week, in the third row once in a week, in the fourth row 
once in two weeks, in the fifth row once in four weeks, and in the sixth 
row the pots were never watered after the seed was sown. Out of 
three plants in each pot the weakest was removed and only two 
plants were kept so that for each experiment there were six plants 
available. The acidity was determined by pulling out the plants. 


* 22 per cent, moisture. 

I I iaoh of 

4 
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washing them completely with distUled water and titrating against 
caustic pota^. The dry matter of the plant was also determined 
and the acidity expressed in terms of grammes of caustic potash. 
The acidity was determined when the pods were fully formed. It 
was proved in the Pma Bulletin No. 46 that the highest amount of the 
acids was secreted when the pods were fully formed and hence the 
results of the determinations at this stage are important. 

It might with advantage be mentioned here that the first 
row of pots received 64 waterings from the time of germination to the 
time when the pods were fully formed; the second row received 22 
waterings, the third 10 waterings, the fourth 6 waterings, the fifth 
3 and the sixth no watering after germination of the seed. The 
plants in the first row took longer to develop fully the pods. All the 
other plants had their pods fully developed between the 8th and 
the 15th of January, 1915, while the plants in the first row came to 
the same stage on the 12th of February. The following table 
gives the dry matter per plant and acidity per 100 grammes of dry 
matter in grammes of caustic potash. 


Table I. 

Dry matter and (uMiXy at the time whm the pods on the plants are 

JuUy developed. 




1 

{ 

Acidity per 100 



Dry matter per 

grammes of dry 



1 plant grammes 

matter in grammes 



I 

of caustic potash 

1. 

Watered every day, 64 waterings 

. . • 29*0 

0-93 

2. 

Watered twice a week, 22 waterings 

.. 1 14*8 

1*60 

3. 

Watered once a week, 10 waterings 

9-6 

1*86 

4. 

Watered once in two weeks, *5 waterings 

.. 1 7-ri 

1-98 

6. 

Watered, once in four weeks, 3 waterings 

. . ! 10-2 

216 

6. 

Not watered 

4-6 

2-62 


The first column shows that except in No. 6 there is increase in 
weight of dry matter as the number of waterings increases. In the 
first four rows of pots there is ah increase, of 0*38 gramme of dry 
matter per watering of 1,000 c.c. The figures in the second column 
show that the acidity per 100 grammes of dry matter decreases as the 
waterings are increased in number. One peculiarity is that as the 
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number of waterings increases the fall in acidity becomes smaller. 
The fall in acidity per cent, as seen between the plants that received 
3 waterings and the plants that received 6 waterings is 0'085 gramme 
of caustic potash per watering of 1,000 c.c., while the fall between the 
plants that received 5 waterings and the plants that received 10 
waterings is 0‘024 gramme of caustic potash and so on, as will be 
clearly seen from the following table : — 

Table II. 

FcM in acidity per 100 grammes oj dry matter jor every watering of 

1,000 c.c. 


Fall in acidity per cent, in 

Plantfl , grararncH ot caustic 

potash 


Between plants receiving 22 and 64 waterings .. .. 0*016 

„ „ „ JO „ 2a .. .. 0-022 

„• „ 5 „ 10 „ .. .. 0-024 

„ „ „ 3 „ 5 „ .. .. O-OSf) 


Although the percentage of acidity decreases with the increase 
in the number of waterings, the actual quantity of acid secreted 
by each plant increases, as will be seen from the figures given 
below : — 


Table III. 

Toted adds per plant. 


Plants 

Average total acids jier 
plant in graimncs of 
' caustic potasli 

Watered 04 times . . . . . . . . 

0*27 

„ 22 .. .. .. .. i 

1 0*24 

.. 10 .. .. 1 

1 0*18 

„ 5 „ . . . . . . . . 1 

0*15 

„ 3 „ 

0*22 

Not watered . . . . . . ' 

0*11 


We might, therefore, conclude that when the number of water- 
ings is increased, the dry matter per plant and total acidity per 
plant are increased, while the percentage of acidity on dry matt^ 
is decreased. 




ma.lfokm:ation op the cotton pla.nt 

LEADING TO STEHILITY. 


BY 

G. L. KOTTUR, B.Aa., 

AND 

M. L. PATEL, B.Ao., 

Of the Department of Agriculture, Bombay. 


In almost all parts of Wsstsrn India, with the exception of 
those growing American types of cotton, there appear occaaonal 
malformed cotton plants or parts of plants which either produce no 
flowers or bolls, or produce a few small bolls only giving light seed . 
with low ginning percentage. The affection is so generally distributed 
and leads to such an appreciable amuxal loss that a close study of its 
nature and character has become essential. So far we can only describe 
the affection; its cause remains obscure. No parasite, either of 
animal or vegetable origin, has been noticed, and no means have been 
discovered for anticipating and choking its development. 

The appearance of a malformed plant is very characteristic. , 
Either the whole of the branches of a plant or certain among tiiem 
only show three characterktic changes, generally commaatang whan 
the plants are two to three months old. These changes are as Mlowit. , 
The leaves become smaller and more cleanly oat, and do not possesB . 
the usual sinuses, and hence appear crowded together cm the state cfiC; ■ 
the branches. The Aslour is a^ abnormal^ the leaves 1 


green at first, gradually changmg^ to reddish and pinfcWi yi^tew 
t^ st^ge of afkction advances. <^gain, the plants, ‘ 
die withteit {nodudng any 
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a few normal flowers are produced giving seed. Usually, however, 
though the cup-shaped calyx of the flower appears, the flower-bud 
does not develop and remains in a rudimentary condition. 

As we have already stated, the whole plant may be affected, 
with most of the leaves pinkish yellow, bearing no flowers and bolls. 
Often, however, only one or more brandies are affected, and the 
•remaining portion develops normally. The malformed branches 
may pi-oduce small bolls, though most of them dry up rapidly and the 
few which succeed are often imperfect in opening and give 
produce of low ginning percentage and light seed. A third type of 
diseased plant is often noticed, where the whole appears healthy, 
except that at the base there is a clump of short brancdies having the 
malfomiexi diminutive leaves. 

• The appearance of plants affected with the disease in question 
is very characteristic. Plate XI<III shows a branch and leaves of such 
a plant, side by side with a normal cotton branch of the same variety, 
and when (as has sometimes happened) more than eight per cent, of 
the plants in a plot are affected the matter becomes of very serious 
importance. 

Among the various types of cotton, it may be stated at once that 
the disease has never been noticetl among American or Egyptian 
varieties. Among indigenous Indian cottons, the herhaceum cottons 
(Broach, Goghari, Kumpta, etc.) are by far the worst, affected, but the 
other types {negkctum and ohhmjolkm) also show the affection 
though to a limited extent. Among the herlxi^emn cottons, Surtee- 
Broach and Goghari arc more affected than Wa gad. In the former a 
large proportion as 17 or even 19 per cent, has been noticed. In 1915, 
at Dharwar, careful examinations were made and it was found that 19 
per cent, of Goghari plants were affected, and 15 per cent, of Broach, 
while only two per cent, of Kiunpta showed the chaiacteristic 
malformation. This was a very bad year, however, and in the 
last season (1919-20) not more than O’l per cent, of the Kumpta 
plants were affected by the disease. 

The malformation is also affected by season, though exactly in 
what way is not quite clear. In general, it may be said that a light 
rainfall, with lon^ Lreaks between the rain, seems fo favour its 
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development. The following table for several seasons at the Surat 
Farm shows the effect of season, and also the extent of difference 
between different plots in the same year. 


Year 

1 PjflROBNTAOE OF 
j AFFECTED PLANTS 

i i 

! Highest Lowest 

Seasonal remarks 

1914-15 

1*5 

10 

Heavy rainfall with slight breaks. 

1915-10 

. j 8-5 

1 

41 

A drought year, short period of rainfall followed by 
long breaks, with late rains. 

1910-17 

1 7-0 

1*0 

A heavy rainfall year. The season started with light 
falls witli one long break of 3 wet'ks. 

1917-18 

1 10 

nil 

A very heavy rainfall year. 

1918-19 

1 4-2 ' 

2'0 

A drought year, stormy heavy fall in the beginning, 
followed by liglit falls, the rains siojiping very early. 


Among other observations at Surat, as to the conditions affecting 
the disease, it may be remarked that where cotton seed is dibbled 
before the rain comes, the resulting plants seem more affected than 
those sown immediately after the rains break, and that late-sown 
cottons seem to be least affected. 

There is no evidence that the malformation is liereditary. The 
seeds obtained from the healthy branches in malformed plants, or 
even the few seeds from the malformed branches themselves were 
sown, but the affection did not appear at all cither in the first or 
second generation of self-fertilized flowers at Dharwar. At Surat, 
where larger tests were made, there was an imperceptible difference 
in the attack of the disease when seed from healthy or malformed 
plants were taken. Where selection has gone on for fifteen years in 
cotton, the seed of affected plants being rejected each year, there is 
a very slight reduction in the proportion of attack at Surat. 

At Surat, in plots very liighly manured with night soil, the affec- 
tion has been less than on the rest of the farm. It has, on the other 
hand, been greater in cotton grown without rotation, than when other 
crops like jowar {Andropoyon Sorghum) are taken in the alternate 
years. In rotated cotton, apparently cotton coming after tU 




lUected p\ants. 
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{Sesimum iniicum), tur {Cajanus indicus) or groundnut, is more 
affected than when it comes after jowar [Andropogon Sorghum). 
Again, land ploughed thoroughly with an iron plough contained 
more affected plants than land which had not been ploughed, and 
again land of a slightly saltish character or where brackish irrigation 
water has been used seems to produce a larger proportion of affected 
plants. This is in accordance with observations elsewhere. Finally, 
ratoon plants, that is to say plants allowed to grow up again after 
cutting down the cotton stalks, give a considerably greater propor- 
tion of malformation than the original crop. 

The plants show, as already stated, no sign of an animal or 
vegetable parasite. This has been the result of examinations made 
in Pusa (1916-17) and in Poona on several occasions. 

The malformation seems to be connected with a change in the 
root development, which is illustrated in the attached figures. When 
the affected plants are uprooted, the main tap root in totally mal- 
formed plants seems to have abruptly ended giving a number of 
secondary roots (Plate XLV, fig. 1 A and B). In partially affected 
plants the root system seems very much weaker and less extensive 
than is normally the cjise (Plate XLV, fig. 1 C and D). When, however, 
the affection only results in a malformed bunch of leaves at the base, or 
when only the secondary growth from the stubbles is malformed, then 
the root system is normal (Plate XLV, fig. 2). On the whole a 
diseased plant seems much more easily uprooted than a healthy one. 

At present it is quite impossible to suggest a cause for this 
disease or a method of treatment. The fact that' non-rotated cotton 
is highly affected and that saltish land seems to induce the disease, 
may, perhaps, give the clue to a method of prevention. But further 
investigation is needed and is going on, and the present note is only 
published to draw the attention of workers on cotton to the disease, 
and to induce further observations on what is undoubtedly a very 
important hindrance to cotton growing at least in Gujarat and the 
Bombay Karnatak. 



THE CHEMICAL AND BIOLOGICAL ASPECT OP 
BHATA soil. OF CHANDKHUKI EXPERI- 
MENTAL FARM, CENTRAL 
PROVINCES* 

BY 

A. R. PADMANABHA AIYER, B.A., 

Offg. Agricultural Chemist, Central Provinces ; 

AND 

U. V. BAL, L.Aa., 

Baderiologi jal Assislatd, Department oj Agriculture, Central Provinces. 

Introduction. 

In the Central Provinces there are large areas of lateritic soil 
called bJujia, most of which is lying waste at present and is considered 
to be too poor for general cultivation. Experiments conducted at 
Chandkhuri Farm show that the cultivalicn of various crops is 
economically possible on such soil, the details of which were given in a 
paper 1 read at the Indian Science Congress at Lahore in 1918, by 
Messrs. Clouston and Aiyer. 

It was brought to the notice of the Agricultural Chemist that 
sann-hemp was not making satisfactory growth in this class of soil 
at Chandkhuri Farm, which is situated in Chattisgarh, Central 
Provinces, about 16 miles from Raipur. Samples of soil were, there- 
fore, taken to Nagpur where pot culture experiments and other 
investigations were undertaJcen. 

♦ Paper read at the Seventh Indian Sciej>ce Congress, Nagpur^ 1920. 

' Tht Agricultural Journal of India^ Special Indian Boienoe Cdi^ress Numbers 1018 . 
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Black cotton soil. 


Bhata soil. 


Fig. 2. 

DHAINCHA (SESBANIA ACULEATA ). 





CHEMICAL AND BIOLOGICAL ASBECt OF BHATA SOIL 64$ 


Experimental. 

Physical and chemical analyses of the soil were first carried out 
and the figures obtained are tabulated below. Tt may be mentioned 
here that there is no uniformity in the methods adopted for the 
interpretation of the results of analyses. The following are some 
of the methods commonly used : — 

(1) The analytical figures are expressed a.s percentages on 

air dry fine soil below 1 mm. 

(2) The results are sometimes expressed as jiercentages on 

the original air dry soil. 

(3) Proportions of the various ingredients ai<‘ expressed 

as lb. per acre up to a depth of either 8’9 or 12 inches 

depending upon the nature and deptli of soil. 

Of the methods mentioned above, No. 1 is coimnonly used 
in most of the agricultural laboratories. Figures expre.ssed according 
to this method would be comparable only when the different 
soils under comparison contain a small proportion of stones and 
gravel. But as the hhala soil contains an unusually high pioportion of 
stones and gravel, such a representation might be quite misleading. 
The analytical figures are, therefore, represented as precentages on 
the original soil and as lb. per acre. The figures of black cotton soil 
are also given for comparison. 

Table J. 

Showing the physical and chemical analyses oj bhata and block cotton 

soils. 


% on or ginal soil 
Bhata soil ! JBIack cotton soil 


Stones and gravel * . . . . . i 

09*00 

10*00 

Coarse sand 

9 oil 

9*17 

Fine sand. , . . . . . . . | 

5*21 

0 08 

Silt .. .. .. .. 1 

0*02 

11 29 

Fine silt 

3*81 

17*07 

Clay 

3*71 

38-27 

Moisture 

0-70 

3*00 

Loss on ignition 

1-77 

2*72 

Calcium carbonate 

0-08 

1-44 

TOTAt 

99-86 

100-24 
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% on original soil 


Bhata soil 

Black cotton soil 

Nitrogen 

0()24 

0*030 

Total phosphoric acid 

0019 

0*180 

Available do. 

traces 

0*008 

Total potash 

0*264 

0*770 

Available potash 

0*050 

0*041 

Calcium carbonate 

0*080 

1*440 

Organic carbon 

0*103 

0*220 


Table IL 


Showing the chemical composition in terms oj lb. per acre up to a depth 

oj 8 inches. 


Total phosj)lioric acid 
Available do. 

Total ]K)taHb , . 

Available potash 
Calcnnn carbonate 

Weijiflit of a cubic foot of soil up to a. depth 
8 inches 

Wi'ijzht of soil per acre to a depth of 8 inches 


; Bhata soil 

Black cotton soil 
Nagpur 

! 1 

.. 1 648*2 1 

1097*7 

513*2 j 

6580*3 

. 1 traces 

292-7 

. ' 7129*9 1 

1 28284-0 

.. i 1350*4 ' 

! 1500*2 

.. , 2160*0 

52090-2 

of I 


.. ! 02 

84 

27,00,720 1 

1 

30,59,040 

1 


From the foregoing figures of analyses it will be seen that this 
soil conlains a very low proportion of fine material, in fact, only 
about 7'5 per cent. Within the range of action of a plant’s roots 
there is a deficiency in phosphoric acid and lime. 


Experiments on leguminous crops. 

Sinc.e saun-hemp was not making satisfactory growth on this 
soil various other legumes were also tried in pots containing hhata 
soil. For comparison, pots of black cotton soil from Nagpur 
Farm with the same legumes were grown alongside, as this class of 
plants is known to make good growth in black cotton soil. 

It was found in every Cfise that the plants in black cotton soil 
made a much better growth than those in hhata, inspite of the fact 
that the latter is a more open soil. For the relative growth of dhairudui 
(Seshania aculeata) and sann-hemp see Plate XLVI, fig. 1, and 
Plate XLVII, fig. 1. • 





Black soil. Blicita soil. 

Fiif. 1. Cajaiius indicus 


Black soil Bhnta soil. 

Fia 2. Co^vpea 



Black soil. 


Bliata soil. 


Fig. 3.' Groundnut, 





PLATE XLIX. 



Control 


Inoculated Cake 


Fin. 1. 


Cake and Inoculation. 




Control 


Super Super and Lime Basic Slag. 

Fig. 3. 

SANN-HEMP IN BHATA SOIL 
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In order to find out whether there was any relationship between 
the plant growth and root development, the latter was first studied. 
From Plate XLVI, fig. 2 ; Plate XLVII, fig. 2 ; and PI. XLVIII, it 
will be seen that with the exception of groundnut all other 
leguminous plants grown in black cotton soil showed a much larger root 
and nodule development than those grown in hliata soil. It may be 
remarked that this farm had been growing groundnut for two to 
three years before the sample of soil was taken and probably by 
that time the crop must have become adapted to the soil. 

In view of these observations, in the folloAving season hhata 
soil was inoculated with an emulsion of blac-k cotton soil and sann- 
hemp was again grown. This gave a very decided increase in the 
growth of the sann-henip crop (Plate XLIX, fig. 1). 

In order to determine further whether poverty in growth was 
due to lack of plant food, manurial experiments were also 
tried. The manures lime, super, super and lime, basic slag and 
til (sesamum) cake were employed to supply lime, phosphoric acid, 
organic matter and nitrogen. 

A striking result noticed was that super gave an immediate 
return in tlie form of increased weight. Lime, when used alone, 
had a depressing efl’ect and laid no advantage when used in conjunc- 
tion with suj)er (Plate XLIX. fig. 2). Ba.sic slag gave a slight increase 
in crop giowtli (Plate XLIX, fig. 3). The effect of cake was distinctly 
marked, showing need of the soil for manures of this type 
(Plate XLIX, fig. 1). 

A very striking result was however, 2 ^D>duced when cake was 
applied to the hluila soil and the latter Wiis inoculated with an emul- 
sion of the black cotton soil. It was observed that the plants from 
these pots w(‘rethe l)est of the whole s(‘ries both from the point of 
general growth and root and nodule develo])ni('nt. (Plate XLIX, fig. 1). 
This fact would indicate that, the hlmtu st)il is not only deficient in 
nodule forming organisms, but is jilso probably deficient in organisms 
associated with the decomposition of organic ) natter. This deficiency 
may be either in kind or numlH;r. The average relative heights and 
weights of sann-liemp plants from the various j)ots are shown in 
Plate L. ■ . • - 
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In order to obtain some idea of the biological activities of the 
soil the usual biolosfical examination was carried out. Instead of 
gi ving the details of all the biological experiments, only those that are 
of more importance and of interesting nature are given below. 

Ammonification in Remy’s solution. 

100 C.C. Remy’s solution was inoculated with 1 grm. of soil. 
For comparison the ordinary black cotton soil was also started 
side by side. 

Table III. 


Showing in miUigrams nitrogen ammonified. 



After 

After 

After 

' After 


24 hours 

1 * 

48 hours 

3 dajrs 

7 days 

Bh'ita soil 

151 

i 

1 45-5 

77*98 

98*.35 

Black cotton soil .• 

2-8 

1 9*2 

1 

31*70 

82*00 


The results show that this soil has quite satisfactory ammoni- 
fying power and this fact is further corro])orated by the following 
experiments. 

Ammonification and nitrification. 

Oil-free til cake supplying 60 mgm. nitrogen per 100 grm. of the 
soil was employed and water equal to saturation was added. 

Table IV. 


Showing % nitrogen ammonified and nitrified. 



AbTER 

2 WFEKS 

After 

1 WEEKS 

After 0 weeks 

After S weeks 


*>/ N 

Total 

/o 

Total 

%N 

4'otal 

O' M 
/o 

Total 


ns 

%N 

as 

O' x 

nitrilied 

as 

%N 

nitrified 

as 

%N 



nitrified 

NB, 

NHj 

Nila 

nitrified 

Bhata soil sampled 









through 1 mm. 









sieve . . 

85*80 

0-085 

48*5 

23*90 

27*0 

42*7 

25*2 

69*7 

Bhata soil original 
including stones 






i 



and gravel 

* 87*70 

0-000 

74*0 

7*85 

42*9 

19*2 

40*6 

32*0 

Black cotton soil . . 

j 24*10 

9-000 

9*6 

45*00 

2*3 

65*5 

, , 

70*0 to 









85-0 


The total % N nitrified referred to m the above tabic includes both nitrite and nitrate nitrogen. 
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Fig. 2 Showing the average w^eight of green Sann-hamp plants from 
Fig. 1. Showing the average height of Sann-hemp plants from duplicate duplicate pots of Bhata soil. 

pots of Bhata soil. ( Number of plants in each pot, 14. ) 
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These results show that the ammonifying power is quite good 
and that the nitrification, though not as good as in black cotton 
soil, can be called average. The difierence in nitrification in the 
sampled and the original soil is quite striking and may be explained 
by the increased soil surface present in the finer grained sampled soil. 

I ' Nitrogen fixation. 

Nitrogen fixation, as found out from Ashby’s mannite solution, 
appears to be weak. Bhata soil fixes about 4 5 mgm. of nitrogen per 
gram of mannite as against 9 to 10 mgm. fixed by black cotton soil. 

The bacterial content of the soil increases rapidly when organic 
manures are added. In a sample of b/tata soil taken from an 
unmanured area from Chandkhuri Farm, the average number of bacteria 
found was about 0'9 million per gram of soil, whereas in case of soil 
taken from a plot manured with cake and cattle dung the number was 
practically double, i.e., 1'7 millions per gram of soil. 

We have to acknowledge the assistance and advice given from 
time to time by Mr. F. J. Pl}Tnen, now Deputy Director of Agricul- 
ture, Western Circle, Central Provinces, in starting and developing 
these experiments. 

SUMMi\RY. 

(1) Chemical, physical and biological analyses of the bhata 
soil were carried out. It is deficient in fine particles and contains 
about 69 per cent, of stones. 

(2) Experiments conducted show that bhaia soil responds to 
manuring with phosphoric acid and organic matter. 

(3) It contains the necessary micro flora required for anunoni- 
fication and nitrification and has also got the advantage of aeration 
and drainage due to its porous physical constitution. 

(4) The poor growth of leguminous crops in the newly culti- 
vated bhata soil appears to be due to want of phosphoric acid and a 
scanty formation of nodules. 

(6) This latter defect is naturally removed to a great extent 
by continuous cropping. When the soil is to be newly- cropped 
with legumes it can be successfully assisted by the application of 
cake and inoculation. 
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THK (JHOWTU OF THE KUOAKCANE.* 

BY 

C. A. BAEBER, C.I.E., Sc.D., F.L.S. 

V. 

It is well known tliut different varieties of sugarcane ripen at 
different times even when planted together, and this has recently 
become an important factor in milling, as by a careful combination 
of varieties the season during which matured canes can be obtained 
is lengthened. Some interesting work has been done on this subject 
by Somers Taylor’^ with the canes growing in the Bihar sugar tracts 
of North India. He had as material local canes belonging to the 
earliest and latest in India, namely, varieties of the SaretJm and 
Mungo groups. He found that when planted at the same time, 
good sweet juice was obtained from Khari as early as in December, 
whereas in several members of the Mungo group the canes were 
quite unripe at. that date. These latter varieties could only be 
harvested profitably in March, while the best time to cut Khari 
was during January and Februaiy. The same kind of thing is 
known in many thick canes, but our knowledge is far from complete 
and it is highly desirable that more accurate information should be 
recorded than the casual observations at present available. 

But even with a certain amount of knowledge as to the period 
at which a cane may be expected to mature it has often been found 
difficult to tell exactly when it is best to cut it. This is, because, the 

* JlF.printod from the J tUermUional JSugar Journal, April 1920. 

^ Woodhouse, Basu and Taylor. ** I’he distinguishing characters of Hiigarcano cultivated 
at Sabour. Memoir'i of the Department of Agriculture in India, Botanical Berks, Vol. VII, 
No. 2, April lOJ b 
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multitude of canes brought into the mill vary a great deal among 
themselves, some being just ripe, and others over or under matured 
as far as the richness of the juice is concerned. This variation in 
canes of the same kind we may readily imagine 1()l)edue totlie fact 
that the canes of a bunch arc not of equal ag(', as we have; s(Hm in 
our last paper.^ The canes developed in succession, the a’s, h’s, c's, etc. 
ripen one after another, and it becomes of somc^ importance io hmow 
the true formula of a particular kind, in order to see which of these 
orders of branches is present in the greatest number. If tlie ?/s are 
the most numerous, then it will be advisable to cut the canes after 
the a’s have somewhat passed their maturiiy, and if the c’s are 
present in larger niimbers, then it would be advisable to concen- 
trate on their ripening period, and so on. But it is unsah; to judge 
entirely by numbers, for, as Ave shall see, the canes of different 
orders of branching differ very markedly in their Aveight, their 
total length and the length and thickness of their joints, and also 
in the rapidity Avith udiich tiny mature. These differences in 
appearance Avill, hoAve\’^cr, be of use if w'e Avish, at the mill, to pick 
out the branebes of different ages and sid)mit them to a more detailed 
chemical study. 

In the first place let us consider the rate of maturing of the cane 
plant as a whole. It can be seen by anyone passing along the roAvs 
of canes growing in a trial plot that some, at- three or foui- months of 
age, are habitually more forward than others in forming cane. It is 
usual to judge of this by the first formation of naked joints 
near the ground which have the normal thickness of the variety ; 
but this is rendered difficult in some kinds by the close envelopment 
of leaves, which sometimes remain attached during the whole life 
of the plant. This is the case with most Indian varieties and, 
to make accurate comparisons, it is desij'able to take out and clean 
the plants and make dissections to shoAv their branching systems. 
During 1916 to 1918 some 350 plants weie thus dissected at the 
Cane-breeding Station at Coimbatore, when from three to four 
months old. As the formation of canes is extremely rapid at tliis 


^ AijricnUuriil Journal of Jndta, September 1920. 



662 AGEICULTURAL JOU»»AL OF IKDU Vl. 

p^od and the dissection took a very appreciable time, the subse- 
quent comparison became extremely difficult. It is not proposed 
here to mention in detail these and other difficulties which were met 
with, nor the means adopted to overcome them, but merely to give in 
general terms the result of the study. This will be seen from the 
following statement, in which the various groups are placed in order 
of development : — 

Early maturing: SaretJia (brown), Nargori, Pamaki, Sard,ha 
(as a whole), Sumidbile (Dhaulu section), Mungo (only Kharwi ) ; 

Moderately early : SaretJia (green section), SaccJiarum spon- 
taneum, thick tropical canes ; 

Late maturing; Sunnabile (as a whole), Mungo (as a whole). 
Mungo (without Dhaulu section), Sunnabile (Dhor section). 

It is extremely desirable that similar lists, founded on careful 
observations, should be compiled of the rate of cane formation in 
comparative varietal plots. The kinds that really matter in such 
plots are generally few in number, and the work could be done each 
year in a much shorter time than that done at Coimbatore, thus 
ruling out the diffculties which were met with there. 

The study of the differences between the branches of different 
orders, namely, the a’s, 6’s, c’s, etc., was also a difficult piece of work. 
It had long been felt that such a study was needed, because of the 
occasional observation, especially in certain varieties, of those 
thick, late-formed shoots, called “ gourmandizers,” which usually 
had little sugar in them at crop time. But a final decision was 
arrived at, when it was found out that the canes in each bunch were 
not uniform and in fact differed so much among themselves that 
the current method of sampling a plot of canes was likely to introduce 
serious errors. Thus, when picking out 20 canes at random for 
measuring, it was easy, in certain varieties, to separate them into 
different classes which on examination turned out to be of early 
and late formation. The former were longer and thinner, had 
more and shorter joints, and had apparently richer juice. In our 
study of seedling canes these differences among the canes of different 
ages in the same plant were found to be much more pronounced. 
The colour often varied with the age^from green or yellow to grey ta 
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evea puiple, the thickness was sometimes three times as great in the 
later canes and the proportion of rooting and general habit differed 
quite as much. It soon became necessary to lay down rules as to 
which canes in the bunch should be selected as typical of the seed- 
ling, both as to its external form and the richness of its juice. When, 
therefore, the dissection work was taken up on a large scale, a series 
of measurements of each and every cane was introduced, from which 
to learn something of the meaning as well as the persistence of these 
differences. The results have fully justified the enormous amount 
of labour involved. 

In the plants of S<u}chQitwn (ttundinaceuTn, and Pansahi shown on 
Plates Lil and Lll some of these differences are very clearly shown ; 
it is at once obvious that the a’s, 6’s, c’s, etc., vary greatly in certain 
characters. Among the characters chosen for special study were 
the rate of cane formation, the thickness and length of the canes, 
the shape of the cane, and the amount of curvature of the base, the 
amount of rooting and shooting, the richness of the juice and so on. 
Averages have been struck in all the canes of the same order of 
branching, in each plant, clump, variety and group, as well as the 
whole series dissected, and some of the results are given briefly 
below. 

(1) Eotie of early development. Included in this term is the 
period between the shooting of the bud and the completion of the 
thickening of the cane, after which it proceeds to add joint to joint 
as the leafy shoot is thrust into the air. The region concerned 
consists of short, disc-like, superposed joints which gradually become 
thicker and longer, and, after some study, it was decided to limit it 
upwards by the first joint which had reached one inch in length. 
AftOT this the thickness did not appear to vary much and the joints 
quickly assumed their usual length. The length of this basal, 
preparatory portion of the cane was carefully measured in each and 
evffly cane of the hundreds of plants dissected, and the results were 
tabulated and averaged. It was fotmd that the a’s, that is the. 
main eihoots, were much the slowest in development. This is indeed 
Etot tp be w<md)ared a1^ when we consider the quantity of roots 

at the dis|ioaal of the plant at this period. The main branches 
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(6’s), on the other hand, starting from a ready formed cane with larger 
eqiiipment of root and leaf, went through their preparatory period 
much more rapidly, and this rate of development was seen to increase 
in subsequent orders of branching. But the matter soon became 
complicated by the fact that the later branches had to place them- 
selves further from the centre of the plant for free growth, thus 
introducing a curvature at the base which is not seen in the a’s or 
generally the 6’s. This curving region increases with the order of 
branching and mere measurements of the length of the basal portion 
were insufficient to demonstrate the rate of development. This fact 
must be taken into consideration in the figures that follow. The 
average length of the basal portion in all the a’s and 6’s measured 
was 3’7 and 2‘6 inches respectively. Taking only the Saretha and 
Pansdhi groups of Indian canes and the six thick tropical canes 
we have the following averages (in inches) ; — 

abode 

Saretha grovL}) .. .. .. 3*4 1*7 2*0 2*4 (2*0) 

Pansahi group . . . . . . 3’1 2*0 2*1 2*5 2*3 

Thick canes . . . . .. 2*8 2*4 2*8 (3*8) 

The figures in brackets being founded on an insufficient number 
of measurements for accurate determination. 

(2) Average length and thickness of the mature joints. The 
measurements in joint length Avere commenced after the ba.9al part 
had been passed, that is, after joints one inch in length had been 
reached ; the thickness was taken of the cane at two feet from the 
base. The differences in these respects of the branches of different 
orders are very well seen in the Plates, and it is merely necessary here 
to record the averages of the actual measurements taken. As has 
already been stated, the observation of such phenomena has always 
been found much easier in the Pansahi group of canes and in the 
wild Saccharum arundinaceum, and these have been selected for 
reproduction, because they show the differences so well. Averages 
are also added for the Saretha group and for the six thick cane 
varieties dissected. There is much more variation in these, and no 
individuals if figured would be likely to present the matter in so 
striking a manner ; but by the averaging of a very large number of 
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measurements in each (usually many thousands) these irregularities 
have been ruled out and they fall well enough into line : — 


Average length oj matured joints above the basal part, 

in inches. 



a 

h 

c 

d 

Saretha group 

2*2 

2*8 

3-3 

4*5 

Pansahi group 

21 

2-8 

3*3 

3-6 

Thick oanoR 

1*8 

2-4 

2*8 

3*0 

Average thickness oj cane 

at two feetjrom the base 

m cm. 


a b 

f 

d 

e 

Saretha group 

l-oO 1-6G 

1-78 

1-92 

2*04 

Pansahi group 

1*66 i*r>o 

1*88 

2*23 

2-84 

Thick caiies 

2-63 2*S2 

2-90 

3*45 



(3) Richness oJ juice in hramhes oj different ages. This has 
been the subject of repeated study in the Pansahi group of canes, 
where the cut canes can be so readily divided into early (a’s and b’s) 
and- late (c’s and d’s), and the results are very interesting. Two 
sets of analyses are given, which were made in 1916-17 and in 1917-18. 


Sucrose in the juice oj members oj the Pansahi group. 





Per cent. 

Per cent. 

1910-17 . 

. Maneria (one clump) : early 

canes 

11*30 late canes 9*52 


Ditto- (whole ro%v) 


10*29 

7*24 


Vubn (0 canes each from oiu 

‘ clump) 

10-61 

7-94 



Per cent 

Per cent. 

Per cent . 

1017-18 . 

Maneria ; very early canes 

. . lO’OO 

early 16-40 to 16 48 

late 13*90 


Yuba 

.. 17-81 

17-17 to 17-77 

„ 16*13 


From these examples we see that, in the samples taken, the earher 
or older the canes the richer the juice, and it would be interesting to 
compare these results with analyses taken at other places, especially 
as the sucrose content of the members of the Pansahi group appear 
to have so much richer juice in other tropical countries than in India. 
Thus far we have failed to establish similar relations of the juice 
richness in other groups of canes, possibly, because of the fewness 
of the observations and the irregularities in such groups. 

From th'se and other facts elicited regarding the character 
of the juice in canes of different ages and in the different joints of 
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cane during its growth, we have been led to a certain conception as 
to what goes on in the ripening cane, as of influence on the behaviour 
at the mill, and it may be of interest to place it on record. The 
cane plant commences in a small way and, at first, is only capable of 
small thin^. But, as it gets bigger, has more roots which penetrate 
deeper into the soil and has larger and more numerous leaves Where- 
with to obtain food from the atmosphere, its capacity increases and 
greater numbers of thicker canes are produced. Each cane, as it reaches 
its appropriate thickness, proceeds to grow in length, but its joints, being 
at first young and tender, are filled with sap devoted to the building 
up of fresh tissue. But as the tuft of leaves is pushed into the air 
by the formation of new joints, one for each leaf, the older joints 
become less intimately connected with tissue formation. They 
become more mature and their large central cells become inert and 
charged with cane sugar, while the more actively living tissues are 
limited to a narrow external band, whose main function is the 
transmission of food from the roots to the shoot. When all but the 
uppermost joints reach this later stage, the cane is said to be mature 
and is ready for cutting. It does not seem likely that anyone will 
quarrel with this conception of the sequence of events. 

We have seen that the canes of a bunch arise in succession, 
first the mother shoots from the buds on the set, then the branches 
of the first order and, later, those of the second, third and other 
orders, according to the system of branching as determined by the 
formula. A study of the dissections shows that there is usually a 
considerable period between the appearance of the first and last 
canes of each plant. In all of these the same sequence of changes 
may be assumed to take place in the contents of the joints, and 
thus there will be considerable differences in the times at which the 
different canes arrive at maturity and are fit for the mill. We have 
some reason then to suppose that the canes at crop time will not be 
equally matured, unless indeed no further change takes place in the 
canes after they have reached maturity. But there are abundant 
signs that such a change does take place, although it appears to 
differ in extent and rapidity under special local conditions a- nd in 
different kinds of cane. There f^e in fiiot evid^ces tbRt, Rftiff 
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cane has matured, if left uncut, a process of deterioration sets in, 
the main result of which is that the purity of the juice and the 
quantity of sucrose in it decreases. The causes which induce this 
change in the stored sucrose in the large cells of the joints need not 
concern us here. The following analyses will illustrate our point. 
They were made at the same time as those of Maneria and Yvba 

quoted above in 1917-18. It was, at the time, recorded that the 

tops of these canes had withered because of drought, but the analyses 
were made just the same to see what the effect of this premature 
maturing would have on the juice. 

Sucrose in the juice. 

Per cent. Per cent. Per cent. 

1917-18 . . Pansahi : Very early canes . . 13**'>8 . . early lo-SH to lG-28 late 13 0(> 

Stida Khajee ; „ . . 15*82 ,, 16*58 to 17*84 

From these facts we learn that in each cane there will be a 
gradual rise in the quantity of sugar in it until an optiuumi is reached, 
after which there will probably be a more rapid decline in its content 
of this substance. If we take a milling period of one hundred days 
and assume that but one kind of cane is grown, all of it planted at the 
same time, we should in practice be most of the time cutting many 
canes which are not by any means at their optiimmi as regards 
sugar content. We should commence with the cutting when the 
mother canes are ripe, but their branches would be increasingly unripe, 
the higher the order of branching and the later they had risen in 
the bunch. Then, when the mother canes were a little past their 
prime, the 6’s would be at their optimum, but the c’s and d's would 
still be unripe ; lastly, when the latter canes became fit for the mill 
the mother canes would be much deteriorated and the b's would 
also have passed their optimum of sugar content. 

The best time to reap a crop will be Avhen the greatest weight of 
canes is mature ; this will depend on the formula, and will, for instance, 
be very different for Yuba and B.208, and probably for Red Mauritius 
as compared with either. The formulse tend to be synmietrical on 
each side of a certain order of branching, and if the system is small 
there will be most b% if large most c’s ; but it is to be remembered 
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that not onfy the number, but the mdividual iro%ht of the otmes, has 
to be ccmsidffled and this is invariably greater in the e’s than tbe 
5’«. It will be seen that there is plenty of scope for study in this 
matter, and it would be well, in the selection of early and late 
matorii^ canes, which will be necessary to extend the milling season 
to as great a length as possible, also to consider the optimum 
ripening of the canes of different orders of branching. With the 
marked differences to be observed between the eariy and late canes 
as detailed above, it should be possible with a little care to separate 
them at the mill, and it is suggested that an occasional analysis of 
the canes of different ages and stages in ripeness may be of use in 
getting the greatest amount of sugar out of the crop. 




PLATE LIII. 



NATIVE CANE IN FLOWER, TUCUMAN. ARGENTINA. 



THE iyi3 TUOUMAn SUGAR CROP * 


liY 

W. B. CROSS. 


For the harvest of 1919 in Tucimiaii thei'e wei'e some 183,000 
acres of cane, of which some 100,500 acres were of the Java seedling 
variet es, principally POJ 36 and POJ 213, and 22,600 acres of the native 
cane (purple and striped) (Plates LITI and LIV). Of the entire 
extension of cane planted, 64’8 per cent, belonged to the factor!^ and 
35'2 per cent, to the independent cane growers. The total amount 
of cane produced was approximately 3,685,000 short tons, of 
which some 220,000 short tons were of the native cane, the 
rest being Java. The tonnage yield of the Java cane was thus 
around 21 ’5 short tons per acre, and that of the native CRue 
around ten tons. The total amount of cane produced was not 
quite all ground as some 100,000 tons were left till next year 
and a small quantity was used for planting. The exact tomiage 
of cane which was worked up in the twenty-seven factories 
which operated was 3,555,329 short tons, the total amount of sugar 
produced being 271,286 short tons, not counting a small amount 
of hot room goods which will be purged in 1920. The average 
yield of sugar per hundred cane in the factories was thus 7*6 per 
cent. 


* tniu The tovitiana Planter und Hiigor Manufacturer, litAtA otlijuuei 19S0. 
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The amount of cane ground and yidds obtained hi the 
vadous factmies will be found in Table I. 


Table I. 


Factory 

Cane ground 
(short tons) 

Sugar produced 
(short tons) 

Sugarproduoed 

%oane 

Santa Ana 



315,882 

21,668 

6*82 

La Corona 



189,781 

13,702 

7-22 

La Trinidad 



160,018 

12,702 

♦ 7*93 

Mercedeo 



166,858 

12,241 

7*33 

La Florida 



248,947 

22,491 

• 203 

San Pablo 



246,141 

21,100 

8*60 

Concepcion of Lujan 



395,650 

31,619 

7*99 

Lastenia 


** 

141,050 

11,875 

8*41 

Bella Vista 



310,871 

21,987 

6*89 

Nneva Baviera 



108,135 

10,361 

♦ 9*58 

El Paraiso 



64.391 

4,436 

6*80 

Esperanza 



122,313 

8,905 

7-28 

La Providencia 



75,904 

4,944 

6*51 

Los Balos 



133,423 

10,543 

7*90 

San Juan 



79,177 

6,757 

• 8*53 

San Andres 



100,149 

7,699 

■ ♦ 7*68 

Santa Rosa 



54,789 

3,391 

6*19 

San Josa 



62,761 

4,465 

7*11 

Santa Barbara 



34,676 

2,417 

6*97 

Santa Lucia 



96,689 

6,615 

6*48 

Cruz Alta 



105,224 

7,413 

7*04 

La Invemada 



24,783 

1,186 

4*78 

Amalia . • 



1 90,566 

1 

6,961 

7*68 

Aguilares 

• • . 


* 86,487 

6,265 

7*38 

San Antonio 


• • 

113,269 

7,840 

6*92 

El. Hanantial 


« • 

29,895 

1,813 

• 6*17 


Total 


3,555,329 

871,286 

768 


♦ Raw sugar. 
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All the factories produced principally white sugar for direct 
consumption, except the four indicated by an asterisk in the Table. 

Before going on to discuss the year’s crop in its various aspects, 
it will perhaps be worth while to give the results obtained in 
previous years. Table II shows the cane production, and Table III 
the sugar production in the last ten years. 

Table II. 


Cane crop, 1909 - 1919 . 


Year 

Total acreage 
(acres) 

Total cane 
produced 
(short tons) ♦ 

Cane per acre 
(short tons) 

1919 .. 



183,000 

3,085, (KK) 

201 

1918 .. 



180,000 

1,819,044 

101 

1917 .. 



228,872 

750,220 

3*3 

1910 .. 



100,283 

973,810 

61 

1915 .. 



277,235 

1,981,459 

71 

1914 .. 



263,700 

3,270,575 

12*4 

1913 .. 



257,621 

2,873,081 

11*2 

1912 .. 



224,483 

1,904,330 

8*8 

1911 .. 



218,540 

2,214,305 

10*1 

1910 .. 



209,273 

1 ,075,488 

8*0 

1909 .. 



173,105 

1,850,918 

10*7 


♦ Excluding the amount of cane used for planting. 


Table III. 


Year 

NTo, of factories 
working 

Sugar produced 
(short tons) 

Sugar per acre 
(short tons) 

Sugar extracted 
on 100 canes 

1919 , . 

27 

271,286 

1*48 

7*63 

1918 .. 

26 

95,705 

0*53 

5*26 

1917 .. 

19 

48,903 

0*21 

6*47 

1916 .. 

21 

49,143 

0*31 

5*05 

1915 .. 

26 

114,664 

0*41 

6*79 

1914 .. 

28 

307,387 

1*17 

9*38 

1913 .. 

28 

250,972 

0*97 

8*73 

1912 .. 

27 

134,306 

0*60 

: 6*84 

1911 .. 

27 

163,088 

0*75 

7*37 

1910 . . 

27 

128,791 

(>•62 

7*69 

1909 . . 

28 

1 

115,106 

0-66 

6*22 


The very remarkable variations in the annual yields of cane 
and sugar per acre during the last ten years will be seen in these 
TaUes, which give some idea of the really appalling crisis through 
which TucumAn has just passed. This crisis, as is perhaps known to 
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the reader, was due to the sudden and final degeneration of Uie 
Cheribon cane, which took place in the years 1916-17. The crisis 
forced the planters to accept the recommendation of the Experiment 
Station, to renew their entire plantations with the Java seedling 
varieties POJ 36 and POJ 213 ; and this they did so rapidly that 
in 1918 over 80 per cent, of the total cane harvested was of these 
varieties. Tliis entire going over from the old standard cane to 
a new variety with which very few outside of the Experiment Station 
had any experience, indicates at once the courage and progressiveness 
of the Tucuman planter, and also incidentally his faith in the Experi- 
ment Station. The year 1918 was the first year when the industry 
was really based on the Java varieties and the grinding season of 
that year was looked forward to with great interest from the point 
of view as to whether tlie Java cane would or would not justify 
itself as a practical proposition, and what results it would give 
planted on a large commercial scale all over the piuvince. Unfor- 
tunately, just after the first month of the crop, on the 8th of July, 
the province was visited by a frost of an entirely unprecedented 
degree, with minimum temperatures in parts of the cane belt as low 
as 14 degrees F., which created entirely abnormal conditions and 
made it necessary to defer final judgment on the value of the Java 
varieties until the following year. Nevertheless the frost itself 
served to bring out one property of these canes which in itself is 
enough to place them in a class by themselves: their remarkable 
resistance to the effects of low temperatures. While the native 
cane became almost worthless within a week or two of the big frost 
the Java plant cane was more resistant, and the Java stubble could 
be ground right on into September, although the terminal buds and 
almost all the other buds were killed on the 8th of July, Seeing that 
at least five-sixths of the cane in Tucuman is always stubble, this 
experience enables the planters to contemplate future frost years 
with a considerable amount of equanimity. 

The year 1919, then, was the greatest year of the newly-adopted 
Java cane. Many people were sceptical about the possibility of 
obtaining results on a large scale, even approximating those reported 
by the Experiment Station, othera about the high fibre content of the 
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canes, the eas© of clarifying theii juices, etc. It is, therefore, very 
satisfactory to report that the harvest represented an absolute 
vindication of the Java varieties, for with a much smaller acreage 
than was common with the native canes an absolutely record tonnage 
was produced, in average yield of cane per acre, 20‘1 tons, and 
especially that of the Java cane, 21 ‘5 tons, are results entirely 
without precedent in the local industry. Moreover the cane proved 
to be entirely satisfactory in the sugar-house, and gave an excellent 
average yield of sugar of 152‘6 ixainds per ton. 

The very success of the Java cane, howevei-. bjoughl u]) some 
quite difficult problems for the industry, in respect of the excess of 
production of cane, and especially of the relation of the eanero, or 
cane planter, to the industry. As we have seen, about two-thirds of thv 
cane planted is in the hands of the factories themselves, the remaining 
one-third Irelonging to ^these catteros, who sell theii- cane to the 
factories. In years of cane scarcity, such as we have experienced 
since 1914, the cane of these grow’ei-s w’as at a premimu, but in 1919, 
with an over-production, the factories found themselves in a position 
to buy but very little cane, ^ that the caiiero was unable to sell moi-e 
tlian a small jxirtion of his product. To mcvt this situation the 
local govermnent passed a law compensating the growei-s who could 
not sell their cane, from funds produced by a special tax on the sugar 
manufactured. The law allow’ed the m/iems- to dispose of their 
cane which they could not sell to the factories, for which thei-efore 
they received compensation, in any other way they could, the 
compensation being for the loss of the “ principal market ” of the 
product. The result of this was that some auteros dec-ided to make 
the experiment, not previously made in this province on a large 
scale, of leavmg the cane over without cutting until the next 
grinding season. The experiment was also made by a number of the 
factories, the total amount of all cane thus left over being some 
100,000 tons. As the 1920 season has not yet commenced at 
this writing, the result of the experiments is not yet known, but 
from the analyses of many samples of the cane made in the 
Bzperiment Station it would appear to be in excellent condition for 
grinding. 



664 AdRlOULfTftlAL JOUElfAL Ot' tHWtA [XV, Vl. 

The very large yield of cane in the fields, and the absmoe of 
killing frosts, made it obvious in the middle of the grinding season 
that the mills would have to work right on till November or December, 
or until the advent of the summer rains should make hauling 
impossible, and many factory owners feared that the cane would 
begin to diminish in sugar content with the daily increasing 
temperatures of the spring and early summer months. This especially 
so, as the cane, early in the grinding season, began to show a tendency 
to flower, and while this is a very rare thing in this country, it was 
understood from other parts that the cane after flowering would 
deteriorate rapidly. Fortunately these fears were not realized; 
for even though a small proportion of the cane actually did flower, 
on the average the sucrose content and purity was maintained 
right up to the end of the harvest. This result was another triumph 
for the Java cane. 

The high fibre content constitutes one of the greatest diflerences 
between the old native cane and the Java varieties, for while the 
former shows only 10 5 per cent, fibre, the latter canes contain 
usually 12 6-13 6 per cent. In one way, of course, this has been a 
great boon to the industry, as the amount of auxiliary fuel needed 
by the factories working with the Java cane has been reduced very 
much thereby. On the other hand, the canes are much harder to 
grind, and the juice extraction much less than with the criolla canes.- 
Before becoming accustomed to the new canes a number of factories 
lost time through breakages, but it is anticipated that these troubles 
will become fewer and fewer as the factories get used to this class of 
cane. Nevertheless, it must be admitted that the POJ 36 has a 
tendency to become very hard, and that this is considered somewhat 
as a defect in this variety by those factories whose milling plant is 
not of the most modern. 

One of the most remarkable features of the Java varieties, 
from the Tucumdn point of view at least, is their exceptional rapidity 
of deterioration after cutting. This properiy was studied by the 
£bq)eriment Station years ago, and it was shown to be due to inverting 
enzymes which the canes contained at the moment of cutting 
and also elaborate after being cut. The result this is that while 
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the native canes can be cut at the beginning of the week and milled 
at the end without any appreciable loss in purity, the Java varieties 
must be worked up within one or two days unless very serious 
losses in sugar are to be suffered. As has been said, this fact was 
more or less known to the factories when they began to work with the 
Java canes, but it needed- bitter experience in some cases to make 
the feet “sink in.” But even then losses were suffered by many 
ingenios by faulty organization of the harvest and haulage 
as well as owing to the great difficulties experienced in trying to 
ensure that the cane should arrive at the mills within a few hours 
after cutting. As time goes on, however, and the growers and even 
the labourers come to realize the great necessity of sending fresh 
cane to the mill, these difficulties will tend to disappear. As an 
example of the losses entailed, we may mention the case of one 
ingenio that was grinding with 70 per cent, purity, and on milling 
two wagons of freshly-cut cane from the same fields found the 
purity to be 84 per cent. 

The Java cane was found to work up easily in the factory, 
no difficulties of clarification or boiling, etc., being experienced 
as long as fresh cane was being dealt with. The cane deteriorated 
by being cut several days, however, gives juices which sometimes 
are difficult to clarify. 

As has bron said, the predominating Java varieties planted in 
Tuemndn are the POJ 36 and POJ 213. The other Javan varieties 
planted on a relatively small scale, the POJ 228, POJ 234 and the 
POJ 105, have not given such good results. The POJ 228 
generally gives a lower tonnage than either the POJ 36 or the 
POJ 213, and has also shown itself to be much more susceptible to frost 
damage. It, however, has the advantage of suffering less from 
deterioration after cutting than the other canes. The POJ 234 
was planted because of its property of early maturation and this 
property it has maintained on the large scale. However, it does 
not give a sufficiently large tonnage per acre to justify its preference 
to the other canes, as for early cutting better results can be obtained 
fnna POJ 213, topping it one or two joints lower than normal. 
The POJ 105, also called heie4m5ar de Egipto, haa also failed to 
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justify itself, owing to its comparatively low tonnage, and its 
susceptibility to frost damage. Finally the Kavangire, which was also 
planted to some extent in the province, has proved inferior to the 
best Java canes, owing to its very late maturing, and also to the 
comparatively great expense of harvesting and shipping this very 
thin cane, and to its hardness for milling. 

The POJ 36 and the POJ 213, on the other hand, as we have 
seen, have been absolutely vindicated during the record 1919 crop. 

Very little damage was suffered during the year from insect 
and fungivorous pests, probably owing at least in part to the great 
resistence of the Javan varieties to these pests. The cane borer, 
which formerly .seriously reduced the sugar production of the native 
cane, apparently finds the rind of the Java varieties too hard, as the 
number of prforated stalks was comparatively small. A small 
amount of mealy bug was noticed, but no damage was attributed to 
this can.se. Of cane diseases, the mosaic disease is very common 
here in all the canes, but it does not appear to affect the yields 
seiiously. The I'oot disease, which has such a serious effect on 
the native cane, has not made great headway with the new 
varieties as yet. The disease called “ toprot ” was in evidence to 
a small extent, hut did not do any great damage. 

Finally, mention must be made of the ex<*ellent climatic conditions 
of the growing season 1918-19, which undoubtedly played their 
part in making the year 1919 a record one for Tucuman. 



FARMYARD MANURE; ITS MAKING AND USE* 


Not many years ago it used to be the custom for certain 
representatives of agricultural science to extol the virtues of 
artificial manures, while farmers, on the other hand, stoutly 
maintained the superiority of farmyard manure. In recent years 
the position has changed. It is now the .scientific worker who 
emphasizes the importance of farmyard manure and the need for 
making and storing it properly. Farmyard manure and artificial 
fertilizers do not compete with one another; they .serve quite 
different purposes in the soil. No farmer can do without artificials, 
no matter how much farmyard manure he may have at his 
disposal, and, conversely, iio arable farmer, except in a few 
special districts, would like to do without farmyard manure, even 
if he could have unlimited supplies of artificials at ver}’ low 
prices. The best results are always obtained on arable land by 
proper combinations of farmyard and artificial manures, although 
on grazing land farmyard manure may not act well. 

So far as is at present known, the effects produced by farmyard 
manure in the soil are three : 

1. To supply nitrogen and pota.sli to tlie plant. 

2. To improve the physical (ondition of the soil, and thus 

increa.se its capacity for going into a good tilth and 
for holding water. The effect of this is to steady 
the yield. 

3. To assist some of the micro-organisms of the soil ; among 

other effects, to benefit the clover crop. 


♦ Reprint (abridged) of a paper read by Dr. E. J. Russell, F.R.S., Director of 
Kothamsted Experim(^nUd Station, at a meeting of Farmers' Club, 3lst May, 1920, from 
the Jwitml of iht Mintatry of Agriouliunt XXVII, No. 5. 

( 6o7 ) 
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Only in the first of these is there any competition witii artificial 
fertilizers, and even here the competition is restricted, becanse 
artificials usually exert their full action on the crop to which they are 
applied, while farmyard manure does not. 

The constituents op farmyard manure. 

1. The excretions. The animal excretions constitute an 
important part of the fertilizing material of farmyard manure. 
The urine is by far the most important — ^it is the chief source of 
the immediately beneficial part of the dung. The amount and 
value of the urine depend on the food and on the animal ; urine 
contains the fertilizing constituents of all the digested food which 
has neither been retained in the animal nor secreted in the 
milk. 

Its composition can be calculated, and this is done in 
determining the manurial value of foods, but the calculation never 
comes out quite right, because its valuable constituents are so 
easily decomposable that they are readily lost. 

Although the dry matter of the urine forms only about 2 per 
cent, of the actual weight of the dung, it constitutes a much larger 
proportion of the weight of fertibzing materials. A ton of dung 
contains about 12 to 15 lb. of nitrogen, of which about 4 to 9 lb., 
according to the amount of cake and corn fed, would come from the 
urine. 

2. The litter. Straw is by far the commonest litter, and 
it forms the chief part, by weight, of farmyard manure. Broadly 
speaking, one ton of straw makes four tons of farmyard manure but 
the additional three tons is very largely water, only a small part 
being other excretory substances. Of 100 parts of farmyard 
manure made in a bullock yard : — 

75 are water. 

About 2 are solid constituents of the solid excretions. 

About 8 are constituents of the solid excretions. 

About 15 are constituents of the litter. 

On the basis of bulk, therefore, litter is more important tiian 
anything else, although not in other respects. Its chief effect 
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is that it forms the humus in the soil, and therefore helps 
to promote tilth and to improve the water-holding capacity. 
Unfortunately, its change into humus is expensive to the farmer in 
that the organisms effecting the change take up valuable nitrogen 
compounds from the urine that ought to have gone to feed the 
crop. 

The making of farmyard manure. 

The simplest case is that of manure made from fatting bullocks 
in stalls or covered yard where the manure is of considerable value, 
and where pains are commonly taken to preserve il . Of every 100 lb. 
of nitrogen fed to the animals, aboiit 95 lb. pass into the manure — 
often about 45 to 60 lb. in the liquid and 50 lb. to 35 lb. in the solid 
excretions. The 45-60 lb. are in a form highly valuable to the 
plant. The decomposition process, however, takes rather a heavy 
toll, in one way or another about 15 lb., leaving 30 to 45 lb. in a 
form really useful to the plant. The nitrogen in the solid, and 
such of this 15 lb. as is not altogether lost, may at some time 
become useful to the plant, but it does not connt for imich : 
only the 35 to 40 lb. balancie can be relied upon to yield any 
profit. 

When, as often happens, the manure is made in open yards, 
the loss becomes more serious. The minimum loss of 15 per cent, 
is exceeded, often much exceeded, and, as always, it falls on the 
most valuable part of the nitrogen. It is probably not far uTong to 
suppose that the manure from a bullock receiving 3 lb. of cake and 
upwards per day is worth 15s. or more per month when made in a 
covered yard, but not more than some 10s. or 12s. per month when 
made in an open yard. For a herd of twenty bullocks the loss in 
manurial value through having no roof to the yard may be any 
amount up to £5 per month. 

It is often maintained, however, that some rain is necessary 
as otherwise the manure becomes too dry. While a certain amount 
of moistness is necessary, rain may seriously damage the manure 
by washing out some of its valuable constituents and by bringing 
about certain undesirable changes. It is probably better to keep 
rain away from the manure and to ensure sufficient moisture by 

6 
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reducing the area over which the animals can wander, thus obtaining 
a high proportion of excretions among the litter. The comfort 
and well-being of the animals, however, must always be the first 
consideration. Periodically pumping liquid manure or water over 
the heap is not to be recommended. 

Storage op farmyard manure. 

In the matter of storage the Northern farmer has some 
advantages over his colleagues in the South, one of which is that he 
can, as a rule, advantageously apply farmyard manure to his land in 
the spring. Manure made in the yards during winter can thus be 
hauled straight on to the land and ploughed in with reasonable 
certainty that this is the best thing to do. The Southern farmer, on 
the other hand, while he may be driven to spring applications of 
farmyard manure, would often obtain better results by applying 
the manure in the autumn. The storage of farmyard manure over 
the summer mouths thus becomes an important question. 

iJowever carefully matters are arranged, directly the manure is 
drawn from the yards some of its really useful nitrogen- the 30 lb. 
balance — begins to leak away. It forms partyofjthe odour that 
gave the old farmers so much satisfaction. It enters largely into 
the black liquid, which, even in a well-conducted farm, is often 
seen draining away from the manure heap. Both smell and liquid 
are signs of leakage ; but they do not represent the whole of the loss. 
It is wrong to .suppose that matters can be put right by simply 
replacing the black liquid ; its very existence is a symptom that 
bigger losses are taking place. 

Many attempts have been made to obtain a reliable estimate 
of the atnount thus lost. In experiments at Rothamsted the 
losses varied from 7 per cent, to 35 per cent, of the total nitrogen. 
A common loss was about 20 per cent., falling chiefly on the urine 
nitrogen. Assuming this latter figure were generally true — and we 
have no reason for supposing otherwise — our 30 lb. of valuable 
nitrogen would soon be reduced to little more than 10 lb., i.e., 
36 per cent, of the original nitrogen, or 76 per cent, of the most 
valuable portion, has disappeared. 
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Loss IN FARMYARD MANURE. 

It has often been suggested that kainit, gypsum, superphosphate 
or other substance added to the manure helps to reduce the loss by 
fixing ammonia. The processes bringing about the loss, however, 
are too complex to offer any reasonable expectation of the discovery 
of a satisfactory fixer. 

It is difficult to form any estimate of the loss which occurs to 
farmyard manure over the whole (iountry, but it must be 
considerable. Taking the present consumption of straw in the 
farm buildings of the United Kingdom to be aljout 1 0,000,000 tons 
per annum, the production of larmyard matmre would be 40,000,000 
tons, worth at present prices some £25,000,000 or more. The loss 
in making and storing the manure heap is not less, but probably 
more, than 20 per cent, of this, i.e., more than £5,000,000 each year. 

This loss cannot altogether he avoided, because it is part of the 
cost of the necessary decomposition of the straw, but it can be much 
reduced. In experiments at Kothanisted the provision of shelter 
to keep off some of tlie rain much increased the effectiveness of the 
heap. 

Shelter can be provided in several ways. A layer of earth has 
proved effective, but it is not always convenient. Straw- thatched 
hurdles acted well in the trials. Placing the heap in a well-sheltered 
position is also helpful. 

At present prices it is probably safe to suppose that an amount 
from 1«. to 5s. is added to the value of every ton of manure by 
providing shelter. 


The FEEDING OF CAKE. 

There has been considerable discussion as to the extent to 
which cake-feeding adds to the value of farmyard manure. In 
recent experiments the additional value due to the cake was less 
than was expected, and the benefit of the cake was shoum only 
in the first year, and not afterwards. The practical man, however, 
holds fast to cake-fed dung, and recent experiments at Rothamsted 
have shown a direction in which it may be superior to ordinary 
dung. The breaking up^of the litter to form humus is brought 
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about by organisms which require the sort of nitrogen compounds 
that they would find in cake-fed dung ; they would, therefore, be 
able to work more vigorously in cake-fed dung than in ordinary 
dung, and hence would tend to produce better soil conditions. 

The evidence indicates that cake-feeding produces less benefit 
than might be expected on soils where plant food only is needed, but 
more benefit on soils where additional humus is necessary. 


Cow MANURE. 

The question of cow manure is complicated by the necessity 
for satisfying sanitary inspectors, and by the fact that it is of poorer 
quality than bullock manure. 

The poverty of cow manure arises from the fact that a cow 
secretes a considerable proportion of this nitrogen of the digested 
food in the milk instead of passing all of it into the urine like 
bullock. The urine is, therefore, weaker than in the case of bullocks, 
and there is a corresponding reduction in the value of the 
manure. 

On some of the Oxfordshire farms a big covered shed is built 
next the cattle-shed for the storage of manure. The principle 
is sound, but the plan is sometimes inconvenient in execution. 
In Cheshire one sees good dungsteads — proofs of corrugated iron 
carried on stout posts, and so placed that the dung can easily be 
tipped underneath and then compacted. These are of great value, 
but care must be taken that the manure is sufficiently well 
compacted to prevent it becoming too dry. 

Cow manure, however, presents an interesting possibility, 
because so much of the liquid is or can be collected separately, 
and this should certainly be done wherever practicable. The 
liquid is very valuable, containing as a rule about 18 lb. to 23 lb. 
of nitrogen per 1,000 gallons, besides possessing a high potash 
value. 

A suitable dressing is 1,600 gallons per acre, and it serves 
excellently for seeds and as a spring application for winter oats or 
winter wheat. On an average each cow contributes about IJ gallons 
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of urine per day,* which is worth about 2s. Gd. per month. The 
difficulty at present is to apply this material. 

Aktificial faemyard manure. 

As the bulk of farmyard manure is litter, and the valuable part 
of the residue is largely made up of liquid excretions, it is not difficult 
for the scientific investigator to make an artificial farmyard manure 
from straw and artificial fei-tilizers. This has been done at 
Rothamsted, and one or two tons of the product were tried on the 
field. It is too early as yet to say whether the material will work out 
economically in practice, but the principle is sound ; it consists in 
allowing the straw to decompose with formation of humus, and 
supplying the necessary nitrogen compound in the form of an 
ammonium salt. When the details are work(*d out the method may 
probably prove of interest in districts like the llothings. in E.s.sex, 
where quantities of straw are produced but no live stock is kept, 
and yet where farmyard manure ought tt) be used. 

POS.SIBILITIES OF IMPROVEMENT. 

The possibilities of improving bullock manure lie in the following 
directions : — 

1. To make it in a covered yard, having sufficient beasts to 
keep the manure moist. 

2. To put it into the ground as soon as possible after the 
beasts are removed ; but, if this is impossible, to make a tight 
clamp and provide some shelter by a layer of earth or by some other 
device. 

3. To avoid washing by rain or exposure to weather. 

The defects of the clamp, even when compacted and sheltered, 
are recognized, and science has not yet said the last word as to the 
storage of manure ; but for the present it is the only practicable 
method. 

The improvement of manure from cowsheds can be effected : — 

1. By collecting the liquid separately in a cement tank. 


• Both Woking and at Garfortb, howcTor, Collins gives 5 gallons containing 4 lb. 
of dry matter as the figure for the North. 
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2. By storing the solid in a covered dungstead, to which 
can also be added manure from the horses. It is necessary to 
compact the heap. Provision must also be made for a tank to 
collect drainage. 

The application of the liquid to the land, however, is a diflB.cult 
problem. The method of distributing the liquid over the farm by 
means of pipes has been tried, but has resulted in financial loss. 
Something can be done by delivery from carts, but the most helpful 
Une is the use of absorbents, which is now being investigated at 
Rothamsted. This is an important problem, and it will grow in 
importance if the soiling system of keeping dairy cows develops in 
this country. 



HETTING FliAX IN- WATER.* 


Some years ago attention w<as drawn to a method of retting 
flax in water inoculated with a pure l)a( terial culture. This method 
was described by Professor Giat-omo Rossi, Director of the Institute 
of Agricultural Bacteriology in the Royal Higher School of Agri- 
culture, Portici, Italy, in an article entitled *' The Industrial Retting 
of Textile Plants by Microbiological Action.” in the liUernatimial 
Review of the Sdenee and Practice oj Agrmiltwe (August 1916, 
1067). The process depends on the action of a special aerobic 
bacillus, of which the prototype is Bacilhts Coniesii. In 1915 the 
Soci^te Francaise de Rouissage Industrial was founded to work the 
Rossi patent, and a factory was erected at Bonnetable in the district 
of Mamers, Sarthe Department, France, where flax is ilow retted 
on a large scale. 

At the request of Mr. Philippe Roy, Commissioner-General 
of (Canada in France, a visit has been paid to the Bonnetable works 
by Mr. Alfred Renouard. a civil engineer, who has made careful 
observations of all the operations and the various stages of the 
process, and has prepared a report which luis been published in the 
WeeMy Bulletin Dejjartment oj Trade and Commerce, Commercial 
Intelligence Branch, Canada (1919. XX. No. 803. p. 1185). The 
bacterial ferment employed in the Rossi method is an aerobic bacillus 
which is capable of consuming the pectinous matter in which the fibres 
are embedded, but does not attack the cellulose of which the fibres 
are composed. There is. therefore no danger of the flax being injured 
if the normal time for the completion of the I’etting is exceeded. 

The method consists essentially of three stages : (1) the im- 
mersion of the flax straw in water at 82- 86° F. in suitable vats ; 
(2) the addition of a certain quantity of a cultuie bouillon of the 

' . • Eeprinted from STAe BjtJlcif'w 6/ iJie /»»p. /»«<., XVll, Ni>. 4. 
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bacillus ; and (3) the passage of a current of air through the water 
in the vats during the whole of the retting period. 

The cultures are supplied from Prof. Rossi’s laboratpry in 
tubes ready for use in the preparation of the bouillon. ' The vats 
are constructed of reinforced concrete, and each has a capacity 
of 60 cubic metres (about 50 tons of water) and is capable of 
dealing with 5-5^- tons of flax straw. At the bottom of the vat 
and on each side is a branched pipe provided with holes, these pipes 
being used for the admission of air. Along the bottom and down 
the middle of the vat. is a perforated tube of larger size for the intro- 
duction of steam to warm the water. The water enters the vat 
through another pipe, each vat being thus supplied with three sets 
of pipes, each set being controlled by a separate valve, i.e., one for the 
air, a second for the steam, and a thu’d for the water. 

The bundles of flax straw are laid flat in the vat and placed 
side by side until the vat is filled. Water is then introduced, the 
flax being held down by wooden strips as it tends to rise above 
the surface. Steam is ijitroduced to raise the temperature of the 
water to 82-- 80° F., ajid the culture bouillon is then added. Air 
is now passed into the vat from an air compressor which delivers 200 
litres of air per minute to each vat. The operation is completed in 
36-40 hours. 

The bundles of retted flax sti’aw are removed from the vats and 
conveyed to the drying ground, where they are spread out on the 
grass. After a few days on the grass the flax is dry and ready to be 
subjected to the breaking process, but in the winter or during bad 
weather artificial drying must be practised. At the Bonnetable 
works, the artificial drying is effected by spreading the damp flax 
straw on racks in a specially constructed drying room, and submit- 
ting it to a powerful blast of hot air. 

It is stated that the cost of equipping such a retting factory is 
comparatively small and the method of operating is very simple. 
The process is more economical than the so-called hot- water ret ting 
methods, and has the further advantage that no change of water is 
required during the operation. After the required temperature has 
been reached by the admission of steam, no further heating is 
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necessa^, as the fermentation generates sufficient heat to maintain 
the temperature. The water which is run off from the vats after the 
retting is finished is of a pale yellowish colour and is almost free 
from odour. 

After examining the different grades of flax produced af. Bonne- 
table, Mr. Renouard considers that the Kossi process can furnish 
the best possible results from flux straw of any hind which may 
be treated. Moreover, as the process can be chec lced at any moment, 
the action can be so controlled as to give products answ(*ring to all 
the requirements of flax spinners. The yield of tibre amounts to 
about 20 per cent, of the Aveight of the flax straw. 

It is mentioned that the lb).ssi retting process can also be 
applied to hemp and rainh'. and tliat. according to tests made 
by Brof. Rossi, it appears that Sisjd leaves wlien ( luslied and retted 
by this method furnisli a good, white tibre of bettor (piality than 
that prodiu'od in the usual way. 

In connection witli this microbiological retting of fibres, it 
may be mentione<l (hat. according (o (lie 1 Jhrictr oj the 

Science and Practice oj A</ric>dfarc (()ctol)er J017. J 417. and A])ril 
1919, 477), (.'arbone and Tombolato h.ive t.'-olaled an anaerobic 
bacillus from the mud of some of the Bologna hemp retting pits, 
which has been termed Bacillus jelsincas and is cajtable of retting 
hemp and other textile plants. This bacillus has been found not 
only in the mud of hemp ])its in the province of Bologna, but has 
also been isolated from the mud t)f two retting jiits of Rovigo and 
from certain retting products of the ])rovince of Naples, and it 
seems liighly pnibable that it is the active agent in tin* retting of 
Italian hemp. In conjunction with Kaccliaromyces, the bacillus rets 
hemp stalks in less than days at a temjierature of 98-99'^ F. and 
has l)een extensively tested in the Italian hemp districts. It has 
been shown by Carbone that Bacillus Jelsiucus is capable not onh- of 
retting hemp, but also of retting flax, ramie, nettle, Furcra'a, San- 
sevieria, Agave and many other plants. It always produces a very 
rapid retting and furnishes fine, white, well-sepaiated fibres. 



A NE^A^ I'HEOKV (»K THE ORIGIN OF SEA ISLAND ('OTTON.* • 

Sea Island cotton is getierally considered to have originated 
from the West Indian perennial cotton {Gnssypium barhadense). 

At a meeting of the Manc-hester Literary and Philosopliical 
Society held in 1830, Mr. John Kennedy, omi of the two founders of 
the present firm of McConnel & (V)., Ltd., read a letter (from which 
an extract is given l)elow), which had appealed previously in the 
Charlestown Courier (South (’arolina). 

The writer of the letter (Thomas Sjialdingof Darien, Georgia) 
states as follows : ‘‘ The Sea Island cot ton was introduced directly 
from the Bahanui Islands into Georgia. The seed, as I have been 
often i n formed by respectable gentlemen from the Bahamas, was in 
the first instance procured from a small island in the West Indies, 
celebrated for its cotton, called Anguilla, 'i’he winter of 1786 
brought several parcels of cotton seed frfmi the Bahamas to Georgia ; 
among them (in distinct remembrance upon my mind) was a parcel 
to the Governor Tatnall of Georgia, from a near relative of his, then 
Surveyor-General of the Bahamas, and another parcel at the same 
time was transmitted by Colonel Roger Veisall, of Exuma, who 
was among the first, if not the first successful, growers of cotton, 
to my father Mr. Janies Spalding, then residing on St. Simon’s 
Island, Georgia. I know my father planted his cotton seed in the 
spring of 1787, upon the banks of a small rice field on St. Simon’s 
island. The land was rich and warm, the cotton grew large and 
blossomed, but did not ripen to fruit : it, however, ratooned or grew 
from the roots the following year. J’he diffiimlty was now over ; 
the cotton adapted itself to the climate, and every successive year 
from 1787 saw the long staple cotton extending itself along the 
shores of Georgia and into South Carolina.” 


* Ueprinted frum The Agricultural Neuw, fiarbadus, Vol. XIX, No. 4S8. 

( 078 ) 
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During the progress of investigations, on the mode of inheri- 
tance of characters in cotton, certain facts have come to hand 
which throw considerable light on the way in which Sea Island 
cotton probably originated. 

Briefly, the facts suggest that Sea Island cotton originated 
from a natural cross between a glabrous broad-leaved West Indian 
Native, with botanical affinities to O. ImisiUense, and sf)ine variety 
of American Upland. 

We may accept, as substantially cornst, the statement of 
Spalding that the original Sea Island cottoii seed caiiK' from Anguilla 
vid the Bahamas. In what characters does Sea Island cftiton differ 
from indigenous West Indian Native, and by wliat Tiw'ans were llu? 
new characters ac^quired ? It will, perhaps be convenient to sum- 
marize the salient differences between Sea Island, Upland, and 
West Indian Native in tabular form : 



.Sea l.^l.ind 

rpliind 

f 

West InditHi 
Native 

Habit 

8ym}HKlial 

.Sympodial 

3b)ni)t)odial 

licsisiatice to nuto 

Susceptible 

Susceptible 

l*raotieall\ 




immune 

Resistance to cotton worm 



Cumijarativeh 




resistant 

Leaf 

Cilabrou'! 

Haiiy 

( dabrou*^ 

Petal spot 

Pre.seiit 

Absent 

Pif'-Hent er 



absent 

Pits in boll 

Sunken 

.Suiieilu lal 

.Sunken 

Boll loculi 


1 

2^1 

Lint 

40-.V) 111. 

20-23 m. 

jii. 

Seed 

Black ith 

( )( >lly 

Hlaek m ;th 


gieen tult 

gieen tult 


It will be seen that while Sea Island cotton resenddes the coai-se- 
Icaved West Indian Native in many of its cJiaracters, it differs from 
it in being extraordinarily susceptible to the attacks of leaf-blister 
mite and cotton worm, and in its annual or sympodial habit--all 
of which characters are possessed by Upland cottons. Planted 
anywhere in the West Indies, and left to itself. Sea Island cotton 
could certainly not maintain itself. It would certainly succumb 
to the prevailing climatic conditions and to infestation with leaf- 
blister mite. Its behaviour is that characteristic qf an exotic 
plant. , - . 
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E35)erirtientB have shown that all West Indian Native cottons 
breed true to the monopodial habit, i.e., all nodes on the main axis, 
up to about thirty, produce only vegetative branches. The com- 
bination of monopodial habit with great vegetative vigour confers 
on these types their perennial character. Furthermore, Sea Island 
cotton breeds true to the sympodial habit, the first fruiting branch 
being put forth at nodes 8-14. In thousands of plants of both Native 
and Sea Island cottons there has never been the slightest tendency 
observed for the Native to develop the sympodial, or for Sea Island 
to take on the perennial habit. It may be remarked at this point 
that experiments were carried on in Barbados for many years, which 
had for their object the production, by gradual selection, of Sea 
Island from Native. Needless to stiy, these experiments were doomed 
to failure from the very outset. Selection by itself will not change 
perennial cotton into annual. 

Wlien the monopodial Native is crossed with the sympodial 
Sea Island, or Upland, the F, generation is .sympodial. This 
was found to be the ca.sc in Leake ’.s exj^erinients with the corre.spond- 
iug morphological forms found in Asiatic cottons. 

In the second generation segregation occurs into monopodial 
and sympodial, though there is no strict line of demarcation. The 
majority of the plants, however, are .sympodial and annual in habit, 
and breed true to this character in this generation cultures. 

Only about one plant in 300 is really monopodial. In a cross 
between a coarse-leaved, glabrous West Indian Native and Upland, 
the first generation plants were, morphologically, almost indistin- 
guishable from Sea Island. They posst^ssed the sympodial habit and 
susceptibility to leaf-blister mite of the Upland, combined with 
those morphological characters of the We.st Indian type which 
cause it to re.semble Sea Island. In addition to this, the lint wgs 
over 40 mm. in length, and exceedingly fine and silky in texture, 
thus closely approaching Sea Island in character. 

In the second generation several plants were noted posseemig 
the same general likeness to Sea Island. 

We may thus h}pothetically reconstruct what happened 
West Indian Native seed was introduced into the United StidiBS*. 
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The first year of growth showed nothing but perennial (monopodial) 
plants which did not arrive at maturity. If we postulate natural 
crossing to have taken place when they flowered the following year 
between these types and neighbouring Upland cottons, the natural 
hybrids, being early maturing and long-linted, would attract im- 
mediate attention, and the seeds from them would be carefully 
preserved and planted. Once the sjunpodial habit was acquired 
selection of the most promising plants could quite conceivably have 
resulted in the development of the Sea Island vaiiety as it is at 
present constituted. 

Wliile this h}’pothe8is has more intrinsic probability as an 
explanation of the origin of Sea Island cotton than any other theory 
yet advanced, it must be admitted that the actual reconstruction of 
Sea Island cotton by this means has not been accomplished in recent 
practice. It must be borne in mind, however, that Ihere exist many 
different strains of West Indian Native which agree in being broad- 
leaved, glabrous, tufted-seeded, etc., but differ in other respects. 
The synthesis of Sea Island cotton could proba])ly only be effected 
as a result of the segregation of some rare gametic combination 
derived from a cross between a special form of West Indian Native 
and perhaps also a special form of Upland. 



Potts 

NATALITE. 

In South Africa, pioneer work has I'jeen done in the production 
of motor fuel known as Natality by distillation of the molasses from 
the sugarcane. It is by no means a perfect fuel for internal com- 
bustion engines and the difficulty so far has been to discover a power- 
ful denaturant that is both cheap and plentiful. In 1919. the 
Advisory Board of Industry and Science recommended that the 
manufacturers of Natalite should l)e given permission to manu- 
facture a certain quantity of the spirit, using one per cent, of pyridine 
as a substitute for the costly wood naphtha then used. But this 
recommendation was not accepted. The “ Industrial Soutli Africa ” 
now reports that in recent months a new denaturant has been found 
in a petroleum product known as Simonsen and the axithorities have 
permitted its use in the place of wood naphtha. It is stated that 
this product is very efficacious and its presence with pyridine in 
industrial alcohol fully meets the desired end. In view of the 
urgent need for the production in large quantities of cheap motor 
spirit this discovery is of considerable interest. [Wynne Sayeb.] 

♦ 

!|c 

GOAT’S RUMEN FOR DIALYSIS. 

With the taking up of the work on protein by the Agi'icultural 
Chemist to the Goverrmient of the United Provinces, much difficulty 
was experienced in dialysis on account of shortage in the supply of 
parchment. 

Our idea, therefore, was to find out something indigenous that 
could advantageously be used at the present abnormal tam a. 

( 082 ) 
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Trials were made with the IJadders of different sinimals, but 
these too did not prove satisfactory. Some of tliese were ridiculously 
small, while others were found unsuitable for ('xtensive trials 
owing to religious susceptibility of the laboratory scivants and to 
difficulties in obtaining them. 

Working with the different parts of a goat’s skin the idea struck 
me that a trial should be made with the rumen. 

Most encouraging results were obtained with the preliminary 
tests. 

Goats’ rumina are plentiful in India and could be had in any 
numl)er from butchers at a cost of only about an anna each. 

Preparation of these for dialysis, as has been described l)elow, 
does not present any extraordinary difficulty. Some of these are 
big enough to hold a single charge of moie tlian five litres of liquid ; 
moreover, *they act \ery quickly. In actual work, soluble salts 
liegin to pass out within a few seconds. When running water is 
used, practically all saline matter is got rid of in about 12 houi-s. 

Too much care c.annot be taken to keep the thing perfectly 
sterile during the whole process. 

Preparation. I’lie rumina as obtained from tJie butchers are 
carefull}’ cleaned and thoroughly washed. Air is next pumped in 
through the oesophageal orifice which is then caiefully tied with a 
piece of string, and the rumina, in the inflated condition, are hung up 
in the sun for several hours to dry. When perfectly dry, air is 
driven out, and the rumina aie .soaked in milk of lime (prepared 
from be.st lime obtainable) and kept immersed in it, with occasional 
turning over, from 8 to 10 days. These are then taken out, thorough- 
ly washed and carefully scraped with a blunt spatula. These are 
then again thoroughly washed and soaked for two days in a 0‘5 per 
cent, acetic acid solution. The acid is then washed out and the 
rumina are fit for use as dialysers. [S. C. Banerji.] 

♦ 

^ ♦ ♦ 

PROSPECTS OF THE WORLD'S SUGAR MARKET. 

The “ Hamb Borsen-Halle,” of June 26th, 1920, contains a most 
interesting survey of the position and prospects of the world’s sugar 
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market, from which we quote as follows : All over the world there is, 
as heretofore, still to be noted a great demand for sugar which is 
very far from meeting with anything like an adequate supply. 
In those countries where the authorities have fixed the prices, the 
latter have been subjected of late to a further increase or a considerable 
increase of the prices is in contemplation in regard to the new 
crops. While in the countries where the sugar trade had been released 
from control, the juices have, as a natural result of the great 
preponderance of demand over supply, likewise gone up to a large 
extent. 

During tlie first years of the war, the tremendous falling-off in 
the beet-sugar production in Europe was to some extent c,ompensated 
for by an iiwTcased production of Colonial cane sugar. But as 
recently iis last month it was found necessary once again to reduce 
the estimates of Colojual cane sugar; from the end of laSt year, by 
which time the juoduction had luen estimated at 245j mill, zentner, 
it had to be reduced by not less than IJj mill, zentner, thus showing 
the estimate to -ajuount to merely 234 mill, zentner. In this way 
the hope of at least partly counterbalancing the great falling off of 
the beet-sugar production has disappeared, especially as it would 
appear that the latter, too, has l)een greatly overestimated, and the 
figures as estimated at the end of last year would, according to the 
revised returns, have to be reduced ])y exactly 18 mill, zentner, so 
that one would have to count the estimated beet-sugar production 
as merely 69 mill, zentner. 

By a remarkable coincidence, both in regard to beet as well as 
cane-sugar production, it was the two most important countries — 
Germany and Cub.a— which were mostly responsible for the necessity 
of revising the figures of the estimated sugar crops, which only a 
few months ago seemed perfectly justified. The causes which 
contributed to these regrettable disappointments are to be found, 
as regards Germany and the other European countries concerned, 
in the abnormal weather conditions of last autumn, the 'continued 
coal famine, and, last but not least, the lack, as a result of the political 
unrest, of skilled labour and the reduced productivity. In Cuba, 
too, the weather conditions did not come up to expectations, and 
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labour troubles also came into play here. At any rate, it may justly 
be assumed that from the very beginning, whether for speculative 
reasons or otherwise, a considerable overestimate of the probable 
cane-sugar production has taken pla(;e. 

However it may, it appears that the trading year ending 31st 
August, 1919-20, has proved disappointing all along the line, and 
instead of relieving the general sugar shortage it has rendered it still 
more difficult, as will be seen from the following figures (these were 
produced in million zentners) 



IDHt 2D ' 

HMS-ID 

HHT-IH 

Hoc't sugar in KunijM* 

.'>■» To Tl'To 

1 

sr> 

Boot sucar ui AnuTica 


13*9(1 

'r<jtal ]>n>thu‘tH»n of ix c-t Ninrai . 


KSIO 

i 9S'75 

Ttilal production of canc suifar (includiiifi: 
Spain) 

2:u lo 

23D*.5D 

i 

1 24(>3i) 

Total world protluction 

3(13*25 

327 DD 

1 345'(15 

1 

1 


Even though the above figures still but represent estimates 
and cannot claim to be regarded, nor should be regarded, as exact, 
nevertheless, they graphu*ally depict the general position of the 
world's sugar supply during the years following the official conclu- 
sion of the world war. Demand and supply exceed the prodxictioir 
by innumerable million zentners. and under these circunistanc'cs 
sugar is likely to remain for some years to come a rare product, and. 
as compared with the pre-war low' prices, w’ill be extraordinarily 
dear, even w'hen the exchange in the various countries will gradually 
have reassumed normal conditions. [Production and Eajmrt, 
July 1920.] 

♦ 

* * 

THE USE OF TRASH IN THE CULTIVATION OF RATOON CANES. 

Experiments to test the value of piling the trash on the banks 
between rows of ratoon canes have been carried out on a plantation 
in Hawaii, the results of which are reported in “ Facts about Sugar,” 
January 24, 1920. 


7 
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In one experiment two varieties of cane were treated, namely, 
H. 109 and D. 1135, both as second ratoons. 

Immediately after the cane was cut, the trash was piled around 
the stool, and not covered with soil in any way. In the no-trash 
control plots the trash was removed completely. In all other res- 
pects the plots received identical treatment. 

As a result both varieties of cane produced less cane and less 
sugar from the trashed plots. The difference in sugar was caused, 
not by any very great difference in weight of cane produced, but by a 
distinct difference in the quality of the juice. In all cases the juices 
from the trashed plots were poorer than those from the no-trashed 
plots. 

From these results it would seem that trash, when not buried, 
is not as valuable as had been supposed, at least under Hawaiian 
conditions where irrigation is extensively employed. Under such 
conditions the particular value of trashing cane fields as recognized 
in West Indian cane cultivation would be minimized. The value of 
the trash piled on the rows, as is the usual custom in the West Indies, 
is that of a mulch for conserving soil moisture and keeping down 
the growth of weeds. As a fertilizer its value is not great. [Affrt- 
ndtural News, dated April 3, 1920.] 

* 

* * 

SEED-RATE OF SUGARCANE. 

When one talks of agricultural improvement to an average 
cultivator the latter at once takes it to mean greater production and 
an increased yield per acre. But a higher gross return does not 
always result in an increased net profit, as the latter very much 
depends on the initial outlay. To reduce the cost of cultivation 
without in any way sacrificing the outturn and to obtain a heavier 
3 rield without in any way materially increasing the cost of cultiva- 
tion, do forni the two chief methods of increasing the net returns 
from any crop. It is intended in this short article to show how the 
former way is possible and practicable in the case of one item in 
sugarcane cultivation, viz., seed rate. 
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Sugarcane is one of the most important irrigated crops of the 
Bombay Presidency and with the opening of new canals its culti- 
vation is extending rapidly. The local system of cultivating it is 
too costly and too wasteful of labour and capital and very often not 
sufficiently paying. The new Manjri method is a distinct advance 
on the local system in point of economy of labour and capital required 
as bullock power can to a large extent be substituted for manual 
labour and the operations done more economically and in 
time. 

Seed-fate is one of the costly items i)i cane cultivation, and in 
years following a severe drought enough sets are difficult to obtain, 
and even if available do sell at abnormally high rates, as was the 
case in the last planting season. Thus any saving effected in this 
connection is usefid. 

The local practice is to plant 16,000 to 18,000 sets per acre; 
in some cases sets from whole canes are used and in others only the 
top sets ; the seed-rate, however, being the same in both cases. 
The sets from an average Pundia cane are usually each about one 
foot in length (each set possessing 3 eye-buds). Thiis when they 
are planted end to end, as is usually done, as many sets are required 
as there are linear feet in the rows to be planted. In the local 
method cane is planted in furrows two and a half feet apart, and 
thus the total linear length of the rows in one acre is 17,424 feet, 
demanding on an average 16 to 18 thousand sets per acre, a slightly 
heavier or smaller seed- rate being used according to the length of the 
sets. When the new Manjri method was iritroduced, the distance 
between two rows was doubled and hence the linear length of rows 
of cane actually planted came to be only 8,712 feet. If sets are 
planted end to- end, only 8,000 to 9,000 sets would suffice for an 
acre, which would be half of that used formerly. Thus cultivators 
were in the beginning rather shy to take up this method and its 
seed-rate, and even when some did so they followed everything but 
the seed-rate, the tendency being always towards a heavier one. 
The experien.ee at Manjri for the last five years has, however, 
proved beyond all doubt that the reduced seed-rate does not at all 
adversely affect the tonnage. 
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But this fact suggested a series of experiments to determine 
the optimum seed-rate for Pundia cane in medium black soils of the 
Deccan and the conclusions draum below are mostly based on work 
done in 1917-18 and given on page 25 of Bulletin No. 90 of the 
Department of Agriculture, Bombay Presidency, and quoted below 
in part foi? ready reference. 


Statement. 


Year | 

No. of seta per acre 

No. of eye-buds per 
acre 

No. of shoots fferrai- 
nated per acre 

No. of plants on 2-8-17 

Tillers produce d 

H 

ei* 

A 

isi 

c £ 

w 

No. of canes obtained 
per acre 

Tillers which matured 

Pei'centafre of tillers 
matured 

Ratio of matuie plant* 
to germination 

Weight of canes per 
acre 

Weight per cane 

Weight of gul per acre 

No. of canes per eye- 
bud 

1917-18 

6.000 

H.OOO 

8,660 

37,765 

29.205 

44 

25 93) 

17,37.) 

59 4 

3-0 

99,617 

3 8 

14, 78 

V44 

1917-18 

9,(«)0 

27,0(0 

13,200 

40,83(1 

27,6N0 

3 9 

22.3)2 

9.222 

33 0 

1*7 

100 78.5 

4 6 

1.3,582 

0'8S 

1917-18 

12.000 

36,000 

5(V88() 

39,245 

18,365 

19 

23,971 

3,091 

16*8 

1 1 

98,134 

41 

13,807 

0'67 


The following remarks on the statement are tentative until 
further data are available. Yet the figures are very illustrative. 
The seed-rates tried were 6,000, 9,000, and 12,000 sets per acre. The 
germination obtained was 47'5, 48'9, 58’0 per cent, respectively, 
giving thus an original stand of sprouts at 0’98, 1'5, and 2'4, 
respectively, per linear foot in the three cases. This shows that 
there was a distinct start in favour of the heavier seed-rates. 
Tlie cultivator usually believes that a heavy stand at start means 
a heavy outturn in the end ; we shall see if facts bear this 
supposition out. 

It is the natural tendency of cane to produce underground 
branches or tillers as they are usually called. This characteristic 
is more marked with some and less in other varieties, generally the 
thin and reed-like varieties tillering more profusely than the thick 
types. The local cane, viz., Pundia, is, however, a heavy tillerer - 
and, given proper conditions of space, aeration and soil-moisture and 
heat, it is not uncommon to count 25 to 30 canes in one stool. 
In the reduction of seed-rate it is this factor that is taken advantage 
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of, the aim being to put in the minimum seed-rate and secure the 
maximum number of mature canes. 

Tillers begin to appear after about six weeks from the date of 
planting and the process goes on up to about August, when the 
main growth shades the ground and crowds out any tillers that 
may try to come up. 

The counting in August gave per linear foot a stand of 4’3, 
5'6 and 4’5 shoots, respectively, and thus improved the original 
start by 3'35, 4’1 and 2‘1 , respectively, in the three cases, the smaller 
seed-rate of 6,000 sets having had more tillers than that of 12,000. 
In fact “ suckering depends largely upon the room, the greater the 
distance apart the greater the number of suckers.” 

Of these if we calculate how many did actually develop into 
mature canes (supposing that all the mother sprouts grew into ripe 
canes), we find a larger percentage of these with the less seed-rate, 
there being a complete growth of 59'4, 33*0 and 16’8 per cent., 
respectively. 

Following the matter further it will be seen that, at the time of 
harvest, for every linear foot the three seed-rates gave 2’97, 2’52, 
and 2'75 number of canes. The weights of individual canes were 
on an average 3’8 lb., 4’5 lb., and 4’09 lb., respectively, i.e., the 
yield in cane per linear foot in the row was 11’32 lb., 11'52 lb., 
and 11 ‘25 lb. in the three cases, the tonnage varying in the same 
proportion. The small variation in the outturns is well within 
experimental error. 

It is possible to estimate a general principle from the above 
data. With an original stand of one shoot per linear foot in rows 
opened five feet apart, the outturn obtained is satisfactory, and 
thus it would be enough if a germination of 8,712 eye-buds is 
secured per acre. Taking the average germination of 70 per cent., 
and making allowance for the eye-buds that fail to germinate, a 
seed-rate of 12,445 buds or 4,148 sets of three eye-buds each should 
suffice for an acre. Experiments are in hand at the Manjri Farm in 
that direction and a seed-rate of 4,500 sets per acre is being tried. 

This reduction in the. seed-rate would mean a saving over the 
local seed-rate of at least Rs. 58 per acre at Rs. 5 per thousand sets, 
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a rate common in normal years, or Rs. 140-6-0 or more at the rates 
current in the last planting season of 1920. 

Then why is a heavier seed-rate put in by the cultivator ? 
The first reason is his diffidence in the final outturn ; secondly, the 
local method of planting in beds having furrows only 30 inches apart 
uses up a large seed-rate ; thirdly, the absence of selection of sets 
from the top third of canes only, the lower part of cane giving always 
a very poor germination (see Mr, Mahajan’s article in the Poona 
Agricultural College Magazine, Vol. VIl, No. 2, page 93) ; fourthly, 
improper planting of sets without seeing whether the eye-buds are ail 
placed to sides brings down the germination figure considerably 
(see Leaflet No. 8 of 1915, of the Bombay Agricultural Department) ; 
fifthly, improper tillage and bad irrigation which retard and often- 
times seriously affect the germination ; sixthly, the planting is often 
much delayed by the cultivators up to late in summer when the 
cane-borer is active and kills many of the shoots and thus reduces the 
number of useful sprouts. 

If proper care is taken in the selection, planting, and after-care 
of the sets and the planting done in the proper season, a good 
germination of at least 70 per cent, may easily be secured. [V. S. 
KuUcarni in the Poona Agric. College Magazine, Vol. XI, No. 4,J 

* 

He He 

TREATMENT OF WOUNDS ON TREES. 

Thk “ Journal of the Jamaica Agricultural Society,” December 
1919, has a note on the treatment of the wounds made after pruning 
trees. There are many different preparations which have been 
recommended in different parts of the world for dressing the cut 
surfaces made in prunuig trees. The wood of these wounds, if left 
untreated, especially in the case of trees with soft wood, like that of 
cacao, easily decays, and affords entrance to insect and other pests. 
The Supervising Agricultural Instructor, Mr. Cradwick, in a long 
experieno.e in Jamaica, has found that common gas tar is the best 
and by far the cheapest preparation for the purpose. But it must be 
used properly, not merely daubed rai, but painted on and rubbed 
well in, as if polishing a piece of furniture. The wound is thus* 
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made water-proof and disinfected. [Agnctdturul News, dated April 
3, 1920.] 

* 

* * 

NEW IMPLEMENTS AT THE ROYAL SHOW. 

Thebe is no longer any question that the British farming com- 
munity, which has in the past always been considered so retrogressive, 
is now being converted whole-heai’tedly to the more general employ- 
ment of machinery for all purposes in connection with cultivation. 
Nothing was more striking in the Boyal Show (the 79th of its type 
which was recently held at Darlington) than the great interest that 
was shown in the large numbers of now types and classes of machinery 
designed essentially for labour saving and for more intensive culti- 
vation. It is not surprising to find a fair number of tractors exhibited, 
since these are becoming more and more popular among farmers 
through the whole world, and these are mostly similar to those which 
were entered for the trials at Lincoln. Several examples of Fordson’s 
were to be seen as well as Austin’s, these two l)eing perhaps the most 
popular classes in use, probably owing to their relatively low price. 
The Blackstone tractor was of special interest., as it is the only type 
which will run directly on kerosine, all the others having to start on 
petrol. This is accomplished by having a compressed air self-starter, 
and another feature of interest in this machine as well as in that 
known as the Martin, built by the Martin C'ultivator Co., of Stamford, 
is that chain track construction is adopted. 

Many of the leading American tracdors were to be seen besides 
the Fordson and some of them are listed at a very reasonable price. 
For instance, the Emerson with a 20 h.p. motor is sold at £495, 
whilst the Titan is £437 and the International £280. One of the 
best known and most successful British tracdors is the Sanderson, 
built at Bedford, and fitted with a 25 h.p. engine, having three speeds 
forward and a reverse. It has one or two specially useful features 
including a winding drum, whilst the provision of a tool box in front 
of the radiator forms a protection, which is specially useful when the 
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tractor is driven by an unskilled man. Needless to say, these 
machines are arranged to act as stationary engines when required, driving 
any of the usual classes of farm machinery or, if necessary, centrifugal 
pumps, dynamos, etc. Even the Pordson, which is the cheapest 
tractor to be obtained, has provision for this work, being fitted 
with a detachable pulley. A new and apparently useful self-con- 
tained motor plough is exliibitedby John Fowler and Co., fitted with a 
small two -cylinder engine, the total price being £360. This is, 
however, only a light machine and must not be compared with some 
of the more heavily built tractors. ]t is interesting to note that the 
well-known pump manufacturing firm, Worthington Simpson, 
Ltd., are now building a motor driven tractor, but it was not com- 
pleted in time to be exhibited at the Show. 

Another well-known firm to enter this field of construction is 
Peter Brotherhood, Ltd., who show for the first time a powerful 
hesivily built tractor fitted with a new engine of 35 h.p. of the four 
cylinder electric ignition type with cylinders 4f inches bore and 5^ 
inc.'hes stroke, and running at about 900 r.p.m. This is quite novel and 
is worth describing in detail. Instead of the ordinary side by side 
valves, overhead valves are fitted as in some types of 1920 motor 
cars operated by means of long vertical pusli rods. The pistons are 
made of aluminium which is entirely new for such work, although it is 
being more and more adopted in internal combustion engines for 
other purposes, and the motor is designed to start on petrol and run 
continuously on kerosine. '^Phe only criticism one can make is that 
the engine looks too high class for its work. All the parts are totally 
enchxsed, a cover being fitted over the overhead valves, and the ball 
bearings are used throughout. There is no doubt this is an excellent 
machine, but its price is probably higli. It weighs about 2^ tons 
and has a draw bar pull, on high gear of 2,800 lb. 

In view of the increasing use to which stationary oil engines are 
now being put on farms and plantations, it was not surprising that 
several of the latest designs were exhibited. Perhaps the most inter- 
esiiug were the Blackstone and the Crossley engines, both of the 
horizontal types with all the new features which were brought out 
by these two firms a short time ago. Both errgines start up from 
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cold without any previous heatii^ and will run on the heaviest oil 
with a fuel consumption of about half a pound per b.h.p. hour. The 
Blackstone engine shown is one 75 h.p., whilst the Crosslcy set 
develops 40 h.p. and there is little question that this class of motor 
will become increasingly popular for ordinary stationary work. 

As a contrast tlie Vichers Tetters semi-Diesel vertical engine 
represented quite a different type, two of 35 h.p. being exliibited of 
the latest design. Another exhibit of considerable interest by 
Fetters was a series of their Fetter Junior two-stroke oil engines 
which are specially adapted for use in India in connection with 
pumping and lighting sets being built in sizes uj) to about 8 b.h.p. 
and running on paraffin. An application of one of the smaller sizes — 
a 2| h.p. set — which should be of considerable inteiest in India is its 
use for driving a very heavy roller. The drive is taken through a 
belt and the roller can be c.ontrolled very simply and easily, a wheel 
being fitted for steering whilst there is also a foot brake and a belt lever 
for use when starting and reversing. Another motor driven roller 
very useful for road and similar purposes is the Barford and Perkins 
which has already been used in India. Two types are available, one 
weighing 12 and tlic other 10 tons when empty, whilst in addition 
two tons of water ballast can bo added. They are driven by 
means of ordinary electric ignition motors started on petrol and 
running on paraffin. 

One of the greatest novelties was an entirely new motor windlass 
system for ploughing and cultivating which has been brought out by 
J. and H. McLaren, Ltd., of Leeds. It is designed essentially for 
cultivating areas of moderate dimensions. Q’he piinciple is new as 
the machine consists of a four cylinder engine, the power from which 
is taken to a large windlass moimted on the chassis. The machine 
itself remains stationary during operation and draws the plough or 
cultivator over the land, which method, it is claimed, gives a higher 
efficiency than with the ordinary system of motor tractors or self- 
contained motor ploughs. The machine is mounted on four wheels 
and can be used for ordinary traction if required. It looks a power- 
ful, well-built plant and the motor is, of course, provided with the 
usual belt pulley for driving other machines when needed. 
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A notable feature of the Show was the enormous space occupied 
by the Agricultural and General Engineers, Ltd., the combination of 
eleven of the largest agricultural and engineering firms which was 
effected a few months ago. This concern has just taken very large 
London show-rooms and headquarters in Kingsway, London, where 
the whole business will be centralized. It is thought that by this 
concentration on the commercial side very great economy will be 
effected and that, in the agricultural engineering industry. Great 
Britain, will, therefore, thus be enabled to meet any competition 
that may arise in the course of the next few years. [Englishman, 
dated 7th August, 1920.] 

* 

* * 

COTTON GROWING IN MESOPOTAMIA. 

In view of the present scarcity in the supply of cotton, the 
attempts now being made to establish cotton growing on a large 
scale in Mesopotamia are of particular interest. Cotton has been 
grown in Mesopotamia from very ancient times and is still cultivated, 
in small quantities by the Arabs in conjunction with food crops 
along the banks of both the Tigris and Euphrates. The fibre is 
used locally for spinning and as a stuffing material for pillows and 
mattresses. The country possesses a soil and climate favourable 
to the production of large yields of excellent cotton and in course 
of time it should add materially to the world’s supply. 

Since 1917 experiments have been conducted by an expert 
from the Indian Agricultural Service with a view to discovering 
the most suitable kinds to grow, and the results of the work done 
in this connection and the prospects of establishing a cotton growing 
industry are fully dealt with in the “Bulletin of the Imperial 
Institute,” (Vol. XVlIl, No. 1, January-March 1920). So far, 
American types of cotton seem to be the most suitable for cultivation 
in Mesopotamia. The members of a deputation of the British 
Cotton Growing Association, which visited the country towards 
the end of last year, were very favourably impressed with its 
possibilities for cotton production. 
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The acreage which will eventually be planted with cotton in 
Mesopotamia will depend on the quantity of labour available and 
the area on which a perennial supply of water can be guaranteed. 
It seems likely that a total of 160,000 to 200,000 acres could be 
cultivated annually by the existing population if the necessary 
facilities, in regard to agricultural machinery, transport, etc., 
were provided. At a low estimate this area should produce from 
15 to 20 million pounds of cotton yearly. 



PERSONAL NOTES, APPOINTMENTS AND TRANSFERS, 
MEETINGS AND CONFERENCES, ETC. 


We are indebted to Mr. A. ('. Dobbs, Director of Agriculture, 
Biliar and Orissa, and Mr. R. 0. Kilby, CU.E., I.O.S., District 
Magistrate and C’ollector, Darbhanga, foi’ the note on the late 
Mr. Hewlett appearing in this issue. 

* 

* * 

Mr. W. McRae, M.A., B.Sc., F.L.S., Officiating Imperial 
Mycologist, Rusa, has been made sub.stantive pro tempore in that 
appointment, vw Dr. E. J. Butler, M.B., F.L.S., on deputation, 
with effect from the 22nd September, 1920. Mr. McRae has also 
been appointed substantively pro tempore Joint Director of the 
Agricultural Research Institute, Pusa, from the same date. 

♦ 

* * 

Mr. M. Wynne Sayer, B.A., Supernumerary Agriculturist, 
Pusa, has been appointed to officiate as Imperial Agriculturist, 
Pusa, during the absence on deputation of Mr. G. S. Henderson, 
N.D.A., N.D.D. 

* 

* 3je 

Major W. R. G. Atkins, D.Sc., has been appointed Indigo 
Research Botanist in the Imperial Department of Agriculture 
in India, with effect from the 2nd October, 1920. 

♦ 

♦ * 

Mr. R. C. Broadfoot, N.D.A., Superintendent, Central Farm, 
Coimbatore, has been appointed to act as Deputy Director of 
Agriculture, VI Circle, Madura. 
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Mr. D. Ananba Rao, B.Sc., Acting Professor of Agriculture, 
Agricultural College, Coimbatore, has been appointed Acting 
Professor of Agriculture and Acting Superintendent of Central 
Farm, Coimbatore. 

♦ 

^ He 

Mr. F. T. T. Newland, Government Agricultural Engineer, 
Madras, has been granted an extension of privilege leave for two 
months. 

♦ 

♦ * 

Mr. W. M. Schutte, A.M.T. Mech.E., M.R.A.S.E., Agricultural 
Engineer to Government, Bombay, has been granted combined 
leave for three months. Mr. C. G. Paranjpe officiates. 

* 

* ♦ 

Mr. a. D. McGrecjor, M.R.C.V.S., OHg. Superintendent, 
f!ivil Veterinary Department, Bengal, has been granted combined 
leave for six months. 

- * 

• He He 

Mr. M. M. Mackenzie, Superintendent of the Sipaya Farm, 
has been granted privilege leave for one mojith and seventeen days. 

* 

♦ * 

Captain U. W. F. Walker, on being appointed to the Indian 
Civil Veterinary Department, has been attacdied to the office of the 
Chief Superintendent., f'ivil Veterinary Department, Punjab, for 
training. 

* 

* * 

Mr. J. St. C. Saunders, I.C.S., has been apijointed to hold 
charge of the offices of Director of Agriculture and liegistrar of 
Co-operative Societies, Burma, as a temporary measure, dui'ing the 
absence, on combined leave, of Mr. C. R. P. Cooper, I.C.S., or until 
further orders. 

♦ 

Mr. C. J. N. Cameron, M.R.C.V.S., D.V.H., Third Superin- 
tendent, Civil Veterinary Department, Burma, has been granted 
eombined leave for one year, with effect froni the 8th August, 1920. 
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Mr. a. G. Birt, B.Sc., Deputy Director of Agriculture, Aesam, 
has been granted an extension of furlough for fourteen days from 
the 23rd October, 1920. 

» 

* ♦ 

Mr. J. S. Garewal, M.R.C.V.S., has been appointed 
Superintendent, Civil Veterinary Department, North-West I^ontier 
Province. 

* 

* * 

The Mycological, Entomological, Chemical and Bacteriological 
Sectional Meetings of the Board of Agriculture in India will be 
held at Pusa on the 7th February, 1921, and following days. 

* 

* ^ 

The eighth annual meeting of the Indian Science Congress will 
be held in Calcutta from 31st January to 5th February, 1921. 

His Excellency the Right Honourable the Earl of 
Ronaldshay. G.C.I.E., Governor of Bengal, has consented to be 
Patron of the meeting, and the Hon’ble Sir Rajendra Nath Mookerjea, 
K.C.I.E., will be its President. 

The Sectional Presidents will be : — 

Agriculture and Applied Botany. Mr. S. Milligan, M.A., B.Sc., 
Agricultural Adviser to the Government of India, and Director, 
Agricultural Research Institute, Pusa. 

Physics and Mathematics. Mr. J. H. Field, M.A., B.Sc., Director, 
Aerological Observatory, Agra. 

Chemistry. Dr. H. E. Watson, Indian Institute of Science, 
Bangalore. 

Botany. Professor Birbal Sahni, Punjab University, Lahore. 

Zoology and Ethnography. Dr. F. H. Gravely, Superintendent, 
Government Central Museum, and Principal Librarian, Connemara 
Public Library, Madras. 

Geology. Professor D. N. Wadia, M.A., B.Sc., Prince of Wales 
College, Jammu. 

Medical Research. Lt.-Col. J. W. D. Megaw, M.B., I.M.S., 
Principal and Professor of Pathology, King George’s Medical College, 
Lucknow. 
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Cow-Keeping in India. — By Isa Tweed. Fourth Fdition. 

(Calcutta: Thacker, Spink & Co.) Price, Es. 7-8. 

This is a new edition of .a well-known work largely relied on 
in the past by private owners of dairy cattle in India. The book 
does not pretend to deal with Indian dairying as an industry, but it 
gives sound practical advice and should be of assistance and interest 
to all concerned in dairy farming in tliis continent. After dealing 
briefly but accurately with the various breeds, or so-called breeds, 
of dairy cattle in India, the author goes on to give advice concerning 
the purchasing of cows, and follows with a chapter on the good 
points of a dairy cow. The next chapter deals with feeding, and 
here perhaps the author does not sufficiently impress on his or her 
readers the paramount importance in India of the growing of fodders 
specially suitable for milch cows. Compared with world conditions 
purchased fodder in India is invariably very expensive whereas the 
concentrates are comparatively cheap. 

Chapter VI of the book deals with housing and utensils, and here 
the details given of buildings do not agree with the most modern, 
ideas as to the design and construction of cow-sheds for large numl)ers 
of animals in India. 

We do not at all agree with the recommendation in Chapter VTIT 
that cows should be bathed once or twice a week in the hot weather 
and monthly in the cold season. The cow-owner in, say, Peshawar 
or Quetta, who attempted to bathe his cows in the middle of winter 
would, we think, only do so once. 

In dealing with breeding bulls and bullocks, the author 
quotes various authorities and generally follows sound lines, and 

( 699 ) 
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the book is a really useful reference manual in regard to the serving 
of cows, barrenness in cows, determination of age of cattle, rearing 
of calves, castration of male stock and the treatment of cows during 
and after parturition. 

A great deal of sound information is given concerning the com- 
position and treatment of milk, cream, butter, ghi and native 
cheese on a small scale. 

The work contains extracts from the published opinions of 
various so-called experts on dairy matters, some of which appear 
to have been written many years ago, and consequently are 
somewhat out of date in the light of current experience. 

Book 11 is a store-house of useful informatioji concerning the 
diagnosis and treatment of cattle diseases. 

The illustrations are poor, being evidently reproduced from 
wood blocks. Surely the publishers (;ould have given the public 
reproductions of photographs of actual animals in illustrating the 
various breeds. [Wrn. S.] 

* 

* * 

Charcoal as a Wonderful Fertilizer — By G. B. Set, B.A., F.Tl.H.S., 

Ivy Nursery Gardens, Calcutta. 

The author has found that the addition of charcoal to the soil 
greatly helps the germination of vegetable and flower seeds. C-uttings 
also strike very readily in a soil containing charcoal. Again, such 
plants as violets and crysanthemurns, which ordinarily do not 
thrive during the rains in Lower Bengal, continue to grow with 
astonishing rapidity when charcoal is mixed with the soil. Roses, 
geraniums, verbenas, lavenders, etc., are protected from the effects 
of heavy showers, and vegetables are found to grow with 
exceptional vigour, yielding crops larger in amount and better in 
quality when charcoal is present in the soil. In the case of 
winter annuals, the flowers appear earlier and possess more vivid 
colours. Similarly, fruit grafts are also much benefited when 
a moderate amount of charcoal is maintained in the soil. 

The most interesting experiment conducted by the author was 
the one with a mango tree. This tree, while having a healthy and 
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widespread growth, used to bear a very poor crop of fruits. Various 
manures had been applied in previous years, but these had failed to 
produce any effect. When, however, the ground near the roots was 
dug up with special care to avoid injury to the primary roots, and 
the excavation filled up with manured soil mixed with charcoal, 
there was a marked improvement. A crop of 670 ripe mangoes was 
obtained as against 30^ the average yield of the previous six years. 

But while the experiments performed by Mr. Set are of great 
interest and deserve attention, the same cannot be said of the 
“ explanations ” advanced by him as to the function of charcoal 
in the. soils. His arguments do not appear sound. For example, 
in accounting for the production of vividness of colours of flowers, he 
states that charcoal “ possesses greater efficiency in carbon 
assimilation ” and that “ by a complete adsorption (sic) of sunlight, 

the transmission of the sun’s full energy to the 

protoplasm is obvious and distinct.” 

In our opinion the beneficent action of charcoal is mainly to be 
attributed to the improvement brought about in the soil conditions. 
Charcoal rectifies the stiffness of clay soils and affords better 
drainage facilities. The aeration factor also is very largely modified 
on account of the porosity of the charcoal and its capacity to occlude 
large amounts of gases. Owing to the establishment of better 
sanitary conditions Avithin the soil, healthier and more vigorous root 
growth ensues, resulting ultimately in an improvement of the whole 
plant system. 

It is a hopeful sign that experienced horticulturists like Mi‘. Set 
are now taking up practical investigations on the subject of plant 
growth. [J. S.] 


8 





MANURING OP ORANGE PLANTS. 

To The Editor, 

The Agricultural Journal oj India. 

Sir, 

In Vol. XV, Part V (Sept. 1920), of the Agricultural Journal of 
India, pp. 511-513, Mr. K. P. Shrivastava, OfTg. Economic Botanist, 
Central Provinces, describes a manurial experiment on orange trees. 

It would greatly interest me and other readers if the author 
would give the following additional information ; 

(1 ) At what distance apart were the trees and lines of trees in the 
experiment ? 

(2) Did each line get a separate manurial treatment ? 

(3) What precautions were taken to ensure that the trees of one 
line were not being fed partly or wholly by the manure given to the 
adjacent line ? 

Yours faithfully. 

College op Agriculture, Poona : 1 W. Burns, 

SejJ,. 20, 1920. > Economic Botanist to the 

) Go'ot. of Bombay. 
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NEW BOOKS 


ON AGRICULTURE AND ALLIED SUBJECTS 


1. General Botany for Universities and Colleges, by Prof. H. D. 

Densmore. Pp. xii + 459. (Boston and London : Ginn & 
Co.) Price, 12s. 6d. net. 

2. T)rpes and Breeds of Farm Animals, by Prof. C. S. Plumb. 

Revised Edition. Pp. viii-|-820. (Boston and London : Ginn 
& Co.) Price, 16s. 6d. net. 

3. Butter and Cheese, by C. W. Walker Tisdale and Jean Jones. 

(Pitman’s Common Commodities and Industries.) Pp. ix-f 
142. (London : Sir Isasc Pitman and Sons, Ltd., n.d.) Price, 
2s. Cd. net. 

4. The Sugar-Beet in America, by Prof. F. S. Harris. Pp. xviii-f- 

342-1- xxxii plates. (New York : The Macmillan Co. ; London : 
Macmillan and Co., Ltd.) Price, i2s. net. 

5. Cytology with Special Reference to the Matazoan Nucleus, by 

W. E. Agar. Pp. xii-1-224. (London : Macmillan & Co., Ltd.). 

6. Industrial Alcohol, by Robert N. Tweedy. (Co-operative 

Reference Library, Dublin.) Price, Is. net. 

7. Forage Crops in Denmark. The Feeding Value of Roots, 

selected Strains of Roots and Grasses, Guarantees in the Trade 
of Seeds. Pp. 100. (London : Longmans Green.) Price, 6s. net. 

8. Stories for the Nature Hour, compiled by Ada M. Skinner and 

Eleanor L. Skinner. Pp. 253. (London : George G. Harrap 
& Co.) Price, 5s. net. 

9. A Manual of Elementary Zoology, by L. A. Borradaile. Third 

Edition. Pp. xviii-l-6164-xxi plates. (London : Henry 
Frowde and Hodder and Stoughton.) Price, 18s. 

( 703 ) 
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1 0. Wild Creatures of Garden and Hedgerow, by Frances Pitt 

Pp. ix+286. (London : Constable & Co.) Price, 12s. net. 

11. A Handbook of Physics and Chemistry, by H. E. Corbin and 

A. M. Stewart. Fifth Edition. Pp. viii+496. (London: J. 
and A. Churchill.) Price, 15s. net. 

12. P 3 n’ometry, by Chas. R. Darling, F.I.C. Second Edition. 

(E. & F. N. Spin, Ltd., 57, Hajnnarket, London, S. W. 1.) 
Price, 10s. 6d. net. 

13. The Manufacture of Alcohol from Molasses and Cane Juice, 

by J. Magne, Chemical Engineer, 36, Morgan Boulverad, 
New Orleans, La., U.S.A. 

14. Grasses and Rushes and How to Identify them, by J. H. Crab- 

tree. Pp. 64. (London : The Epworth Press, n.d.) Price, 
Is. 9d. net. 

The following publications have been issued by the Imperial 
Department of Agriculture since our last issue : — 

Memoirs. 

1 . Some Aspects of the Indigo Industry in Bihar. Part I. — The 

Wilt Disease of Indigo. Part II.— The factors underlying 
the Seed Production and Growth of Java Indigo, by 
Albert Howard, C.I.E., M.A., and GabrieUe L. 0. 
Howard, M.A., with the assistance of Chowdliury Ram 
Dhan Singh and Maulvi Abdur Rahman Khan. 
(Botanical Series, Vol. XI, No. 1.) Price, R. 1-2 or 2s. 

2. New Indian Gall Midges (Diptera), by E. P. Felt, and 

Description of a Rhinocyphine Larva from Shillong, by 
Major F. C. Fraser, I.M.S. (Entomological Series, 
Vol. VII, Nos. 1 and 2.) Price, As. 12|^or Is. 6d, 



LIST OF AGRICULTURAL PUBLICATIONS IN 
INDIA FROM THE 1st FEBRUARY 
TO THE 31st JULY, 1920. 


No. 

Title 

Author 

Whore published 


GENERAL AGRICULTURE 


- 1 1 

TJie AQiiudtuml Journal of 
Indw, Vol. XV, Parts 11, 111 
& IV. Price R. 1-8 or 2.<j. 
jier part : annual subscription 
Jls. 0 or 9^{. Grf. 

Edited by the Agricul- 
tural Adviser to the 
Government of India. 

Messrs. Thacker, Bjiink & 
Co., Calcutta. 

2 

The Orange : A Trial of Stocks 
at Peshawar. Pusa Agricul- 
tural Research Institute 

Bulletin No, 93. Price As. 0. 

W. Robertson Brown, 
Agricultural Officer, 

North-West Frontier 
Provmce. 

Government Printing 

India, Calcutta. 


Motor Tractors at Lincoln 
Trials (free). 

Issued from the Agri- 
cultural Research 

Institute, Pusa. 

Ditto. 

4 

Aitricultural Statistics of India, 
1917.18. Vol. 1. Trice 
Rs. 2. 

Issued by the Depart- 
ment of Statistics, 
India. 

Ditto. 

1 

/) 

Agricultural Statistics of British 
India, 1918-19. Price As. 4. 

Ditto. 

Ditto. 

() 

Ropoi*t on the Production of 
Tea ill India in the Calendar 
Year 1919. Price As. 8. 

Ditto. 

Ditto. 

7 

Eslimates of Area and Yield of 
Principal Crops in India, 
1918-10. Price As. 8. 

Ditto. 

Ditto. 

8 

Palm gul manufacture in the 
Bombay Presidency. 
Bombay Department of 
Agriculture Bulletin No. 93. 
Price R. 1-3-9. 

V. G. Gokbale, L. Ag., 
Deputy Director of 
Agriculture, Koukan. 

Yeiavda Prison Press, 
Poona. 

9 

Season and Crop Rejxirt of 
the Bombay Presidency for 
the year 1918-19. 

Issued by the Depart- 
ment of Agriculture, 
Bombay. 

Government Central 

Press, Bombay 

1 

10 

Cambodia Cotton. Madras 

Department of Agriculture 
Leaflet No. 4 of 1920. 

S. C. Sampson, B. sc., 
Deputy Director of 
Agriculture, V & VII 
Circles, Madras. 

1 

Government Press, 

Madras. 
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LIST OF AGRICULTURAL PUBLICATIONS— confti. 


No. 

Title 

Author 

Where published 


General Agriculture — coiitd. 


11 

Cultivation of Caraborlia Cotton 
m (Vded Districts. Madras 
Department of Agriculture 
Leaiiet No. 5 of 1920. 

S. llamasarai Pillai, 
Assistant Director of 
Agriculture, 11 & III 
Circles, Madras. 

Government Press, 

Madras. 

12 

Note on Sugarcane (Cultivation 
for tlie use of the ryots 
in Nortli A root, South ] 
Areot ana Chittore Districts. 
Madras De])arf merit of 

Agriculture Leaflet No. C of 
1920. 

«). Chelvaranga Raju 
Cam, Deputy Director 
of Agriculture, IV 
Circle, Madras. 

Ditto. 

13 

Note on Tapioca Cultivation. 
Madras De})artment of Agri- 
culture Leaflet No. 7 of 1920. 

M. Covinda Kidavu, 
Assistant Director of 
Agriculture, VII Circle, 
Madras. 

Ditto. 

11 

How to increase production of 
Crops. Madras Ih'partmcnt 
of Agriculture, Leaflet No. 9 
of 1920. 

D. Balkrishna Murthi 
Garu, Acting Deputy 
Director of Agricul- 
ture, I Circle, Madras, j 

Ditto. 

1/) 

S“asoii and (Vop Rejiort of 
Bengal for the year 1919-20, 
Price H. J-O. 

Issued by the Depart- 
ment of Agriculture, 
Bengal. 

The Bengal Secretariat 
Book Dep6t, Calcutta. 

Hi 

Agricultural Statistics of Bengal 
for 1918-19. Price 11. 1*5 
or 2-v. Sd. 

Issued by the Revenue, 
Department of the 
Government of Bengal, 

Ditto. 

17 

Season and (Vop Report of 
Bihar and Orissa for 1919- 
1920. Price R. 1-2-0. 

Issued by the Depart- 
ment of Agriculture, 
Bihar and (jrissa. 

Bihar and Orissa 

Government Press, 

Patna. 

18 

Agricultural Statistics of Bihar 
and Orissa for 1918-19. 
Price As. 14. 

Ditto. 

! 

Ditto. 

19 

Agricultural Calendar for 1920- 
21 (in Burmese). 

Issued by th© Depart- 
ment of Agriculture, 
Burma. 

Government Printing, 

Burma, Rangoon. 

20 

Cultivation of Potatoes, 

Burma Cultivator’s Leaflet 
No. 53. (in Romanised 
Kachin). 

F. Clerk, Assistant 
Superintendent, Htaw- 
gaw. 

Ditto. 

21 

Seed Storage. Burma Culti- 
vator’s Leaflet No. 54, 

E. Thompstone, B. sc.. 
Deputy Director of 
Agriculture, Northern 
Circle, Burma. 

Ditto. 

22 

Cultivation of “ Pesingon ” 
{Cajamts indicua), Burma 
Cultivator’s Leaflet No. 55. 

Ditto. 

Ditto. 



LIST or AGRICULTURAL PUBLICATIONS 


LIST OP AGRICULTURAL PUBLICATIONS- confd. 


No. 

Title 

Author 

W'here published 


General Agriculture — contcl. 


23 

(a) Minutes of a Conference of 
Officers of the Irrigation, Co- 
operative and Agricultural 
Departments held at Maymyo 
Oil the 16th April, 1920. 

Issued by the Deyiart- 
ment of Agriculture, 
Burma. 

Government Printing, 

Burma, Rangoon. 


(b) Sub-committee's Report on 
Water Measuring Experi- 
ments. J 



24 

Minutes of an Agricultural Con- 
ference lield at Maymyo on 
the 17th April, 1920. 

Ditto. 

Ditto. 

25 

Minutes of an Agricultural Con- 
ference held at Maymyo on 
the 19th April, 1920. 

Ditto. 

Ditto. 

26 

The Agncnl/f/rul and Co-opera- 
tire Cazeite (Monthly) from 
February to tiuly 1920. 
Price As. 2 per copy. 

Issued by the Depart- 
ment of Agriculture, 
Central Provinces. 

Sholam Press, Nagpur. 

27 

Report of the Dqiartmont of 
Agriculture, Assam, for the 
year ending 31st March, 1920. 

Issued })y the T)e])art- 
inent of Agriculture, 
Assam. 

Assam Secretariat 

limiting Office, 

Shillong. 

28 

Tables of Agricultural Stalis- 
ties of Assam for the year 
1918-19. 

Ditto. 

Ditto. 

29 

Report of the llp])er Shillong 
Agricultural Experiment Sta- 
tion for the year ending 31st 
March, 1 920. 

Ditto. 

Ditto. 

30 

Report of the Kaninip Sugar- 
cane Ex|x*riment Station for 
the year ending 31st March, 
1920. 

Ditto. 

Ditto. 

31 

Report of the Fruit Experiment 
Station, Shillong, for the 
year ending 31st March, 1920. 

Ditto. 

Ditto. 

32 

Report of the Karimganj Agri- 
cultural Experiment Station 
for the 3 ^ear ending the 31st. 
March, 1920. 

Ditto. 

Ditto. 

33 

Report of the Jorhat Agricul- 
tural Experiment Station for 
the year ending 31st March, 
1920. 

Ditto. 

Ditto. 

34 

Cultivation of daU or pulses 
in the Assam Valley. Assam 
Department of Agriculture 
Leaflet No. 1 of 1920. 

Ditto. 

Ditto. 
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No. 

Title 

Author 

Where published 


General Agriculture — ooncld. 


35 

Cultivation of dale or pulses 
in the Surma Valley. Assam 
Department of Agriculture 
Leaflet No. 2 of 1920. 

Issued by the Depart- 
ment of Agriculture, 
Assam. 

Assam Secretariat 

Printing 0 ffi o e, 

Shillong. 

36 

Season and Crop Report of 
Assam for the year ending 
the 3lHt March) 1920. Price 
As. 8. 

Ditto. 

Ditto. 

37 

The Journal of the Madras Agri- 
cultural iStvdents’ Union 

(Monthly). Annual subs- 

cription lls. 2. 

Madras Agricultural 

Students* Union. 

Literary Sun Press. 
Coimbatore. 

38 

Quarterly Journal of the Indian 
Tm Asiociation. Price As, 0 
per cojiy. 

Scientific Department 

of the Indian Tea 
Association, Calcutta. 

Catholic Orphan Press, 
Calcutta. 

39 

The Journal of Dairying and 
Dairy Farming in India 
(Quarterly). Subscription 

lls. 5 i)er annum including 
membership. 

Published by the Indian 
Committee of the 
Dairy Education Asso- 
ciation, Quetta. 

Messrs. Thacker, Spink & 
Co., Calcutta. 

40 

Journal of the Mysore Agri- 
cultural and Experimental 
Union (Quarterly). Annual 
subscription Ks. 3. 

Mysore Agricultural 

Experimental Union. 

Bangalore Press, 

Bangalore. 

41 

Poona Agricultural College 
Magazine (Quarterly). Annual 
subscription Rs. 2. 

College Magazine Com- 
mittee, Poona, 

Arya Bhushan Press, 
Poona. 



BOTANY 


42 

The Cultivation of Oranges 
and allied Fruits in the 
Bombay Presidency. 
Bombay Dejiartmont of Agri- 
culture Bulletin No. 95. 
Price As. 21. 

H. P, Paranjj^, b.a., 
Assistant Economic 
Botanist, Poona. 

Yeravda Prison Press, 
Poods. 


MYCOLOGY 

• 

43 

Budrot of Palmyra and Coconut 
Palms in Goda\ ari and Kistna 
Districts. Madras l')epartment 
of Agriculture Leaflet No. 
8 of 1920. 

Bhogappaya Sastri. 

Government Press, 

Madras. 


XNTOMOLOOY 


41 

The Rice Leaf Hopi>ers (Nepho- 
lettix hipaneiatHHf Fabr. and 
Nephotettix apicali^, Motsch.). 
Memoirs of the Department 
of Agriculture in India, Ento- 
mological Series, Vol. V, 
No, 5. Price R. 1-8-0 or 3s. 

C. S. Misra, b.a., First 
Assistant to the Impe- 
rial Entomologist, 

Pusa. 

Messrs. I'hacker, Spink 
Co., Calcutta. 





LIST OF AGRICULTUBAL PUBLICATIONS 


LIST OF AGRICULTURAL PUBLICATIONS— 


No. Title Author Where published 


Entotnohgy^ — conoid. 

45 Laniam Insects m India. Rao Sahib Y. Rama- Messrs. Thacker, Spink & 

Bemg the Report of an chandra Rao, m.a., Co., Calcutta. 

Inquiry into the efficiency of p.e.s., Entomological 

mdigenous Insect I^ests as Assistant, Madras, 

a check on the spread of 
Lantana in India. Memoirs 
of the Department of Agri- 
culture in India, Entomolo- 
gical Series, Vol. V, No. b. 

Price Rs. 2-4 or 4-?. hd. 

46 (a) New Indian Midges (D/jp- i P. Felt, State Ento- | Ditto. 

tera). Memoirs of the mologist of New York , 

Department of Agriculture ' U. S. A. * 

in India, Entomological ' , 

Senes, Vol. VII, No. 1. 

{b) Description of a Rhino- | Major F. C. Fraser. i.M.s. 1 Ditto, 

cyphme larva from Shillong. | 

Memoirs of the Department ! 
of Agriculture in India, 

Entomological Series, j 

Vol. Vil, No. 2. Price As. 12 i 

or is, 6d. (for both numbers | 

bound together). i , 

47 The Sugarcane Borer and its Ramrao S. Kasargode, Ycravda Prison Press 

Control. Bombay Depart- < l, Ag., Assistant Pro- Poona, 
ment of Agnculture Bulletin lessor of Entomology, 

No. 94. Price As. 4-3. Agrieultuial College, 

I Poc na. 


BACTERIOLOGY 

48 I Studies on the Root Nodule N. V. Joshi, b,a., m.sc., Messrs. Tback(‘r, Spink & 
i Organism of the Leguminous , L.Ag., 1st Assistant Co., Calcutta. 

Plants. Memoirs of the 1 to the Imperial Agri- 
Deiiartinent of Agriculture : cultural Bactenolo- 
in India, Bacteriological ! gist. 

Series, Vol. I, No. 9. Price j I 

R. 1-4 or 2s, Od. i 


VETERINARY 

49 8yngamu8 laryngus in Cattle A. L. Sheather, B.sc., Government Printing 
and Buffaloes in India. Pusa M.R.C.V.S., Director India, Calcutta. 

Agricultural Research Insti- and 1st Bacteriologist, 

tute Bulletin No. 92. Price Imiierial Bacteriolo- 

As. 6. gical Laboratory, 

Muktesar, and A. \V. 

Shilston, M.it.c.v.s., 

Second Bacteriologist, 

Im})erial Bacteriolo- 
gical Laboratory, 

Muktesar. 
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No. 

Title 

Author 

Where published 


Veterinary — conoid. 


50 

A Note on the Treatment of I 
Surra in Camels by Intra- 
venous Injections of Tartar I 
Emetic. Pusa Agricultural 
llesearch Institute Bulletin 
No. 95. Price As. 2. 

H. E. Cross, M.R.O.V.S., 
D.V.H., A.sc., Camel 
Siiecialist, Sohawa, 

Punjab. 

Government Printing 

India, Calcutta. 

51 

Annual Administration B(‘pori 
of the Bombay Veterinary 
College and Civil Veterinarj^ 
Dejiart merit in the Bombay 
Pnsidency (including Sind) 
1918-19. Price As. 0 or 9t/. 

Issued by the Bombay 
Government in the 
General Department. 

Government Central 

Press, Bombay. 

52 

Annual Report of the Civil 
Veterinary Dejiartment, 

Bihar and Orissa, for 1919-20. 

Issued by the Depart- 
ment of Agriculture, 
Bihar and Orissa. 

Government Press, 

Bihar and Orissa, 

Patna. 

53 

Annual Report of the ('arnel 
Spi'cialist for the years 
1917-18 and 1918-19 (in one 
volume). Price As. 2. 

Issued by the l>epart- 
ment of Agriculture, 
Punjab. 

Government Printing 

Punjab, Lahore. 

51 

Report of tlie (!ivil Veterituiry 
Dejiartment, Assam, for the 
year 1919-20. Jh’ice As. 8 
or \'i. 

Issued by the Depart- 
ment of A gric u 1 1 lire, 
Assam. 

Assam Secretariat 

Printing Office, Shillong. 

55 

iStatisties eomjiiled liy tlie 
Government of India from 
the Report of the Provincial 
Vf‘terinary Dejiart meats for 
the year 1918-19. 

Ihsued by the Govi'rn- 
iiient of India in the 
Revenue and Agricul- 
ture Department. 

Government Monotype 
Press, Simla. 





PUBLICATIONS OF THE IMPERIAL DEPARTMENT OF 
ACRICULTURE IN INDIA 


TO BK HAD FROM 


The Offiob of the Agkiooltoral Adviser to the Government of India, Posa, Bihar, 
and from the following Agente 


(1) THACKER, SPINK A CO.. Oalodtta. 

(2) W. NEWMAN A CO., Oaloutta. 

(3) Rai M. 0. SARKAR BAHADUR A 

SONS, Calcutta. 

(4) HIGGINBOTHAMS. LTD., Madras. 

(5) THOMPSON A CO., Madras. 

(6) D. B. TARAPOREVALA, SONS A 

CO., Bombay. 


(7) THACKER A CO.. LTD., Bombay. 

(8) SUNDER PANDURANG, Bombay. 

(9) Rai Sahib M. GULAB SINGH A 

SONS, Lahore. 

(10) MANAGER, EDUCATIONAL BOOK 

DEPOT, Naqpur, 


A complete list of the publications of the Imperial Department of 
Agriculture in India can be obtained on application from the 
Agricultural Adviser to the Government of India, Pusa, Bihar, or 
from any of the above-mentioned Agents. 


These publications are 

1. The Agricultural Journal of India. A Journal dealing with subjects connected with 
agricultural economics, field and garden crops, economic plants and fruits, soils, manures, 
methods of cultivation, irrigation, climatic conditions, insect pests, fungus diseases, 
co-operative credit, agricultural cattle, farm implements, and other agricultural matters 
in India. Illustrations, including coloured plates, form a prominent feature of the Journal. 
It is edited by the Agricultural Adviser to the Government of India, and is issued once 
every two months or six times a year. Annual Subscription, Rs. 6 or 9s. 6d., including 
postage. Single copy, R. 1-8 or 28. 

2. Scientific Reports of the Agricultural Research Institute, Pusa (including the Report of 
the Imperial Cotton Specialist). 

.3. Annual Report on the Progress of Agriculture in India. 

4. Proceedings of the Board of Agriculture in India. 

5. Proceedings of Sectional Meetings of the Board of Agriculture. 

6. Memoirs of the Imperial Department of Agriculture in India : 

(a) Botanical Series. 

(b) Chemical Series. 

(c) Entomological Series. 

(d) Bacteriological Series. 

(e) Veterinary Series. 

7. Bulletins issued by the Agricultural Research Institute, Pusa. 

8. Books. 

The following are the publications of the last two years : — 

Soientifio Reports of the Agricultural Research Institute and College, Pusa (including the 
Report of the Imperial Cotton Specialist), for the year 1917-18. Price, R. 1-4 or 2s. 

Soientifio Reports of the Agricultural Kesearcb Institute, Pusa (including the Report of the 
Impenal Cotton Specialist), for the year 1918-19. Price, R. 1-4 or 2#. 

Report on the Progress of Agriculture in India for the year 1917-18. Price, R. 1-8 or 2s. 3d, 

Report on the Progress of Agriculture in India for the year 1918-19. Price, R. 1-8 or 2s. 3d, 

Prooeedin|f8 of the Board of Agriculture in India, held at Pusa on the Ist December, 1919, and 
following days (with Appendices). Price, As. 12 or It. 3d, 

Proceedings of the Second Meeting of Myoological Workers in India, held at Pusa on the 
20th February, 1919, and following days. Price, As. 11 or Is. 

Proceedings of the First Meeting of Agricultural Chemists and Bacteriologists, held at Pi. a 
on 24th February, 1919, and the following days. Price, R. 1 or It. 6d, 


AQRICULTURAL PUBLICATIONS^Ocme^dO 

Prooeedinffs of the First Meeting of Veterinary Officers in IndU, held at Lahore on 
24th March, 1919, and following days (with Appendices). Price, As. 8 or 9d. 

Proceedings of the Third Entomological Meeting, held at Pusa in February 1919. (In 
preti,) 


MEMOIRS OF THE DEPARTMEHT OF AORIGULTURB IN INDIA 


BOTANICAL SERIES 

Vol. X, No. I. The Rice Worm (Tylenchus anguitus ) and its Controli by B. J. Butlbb, 
M.B., F.L.8. Price, R. 1-4 or 2s. 

Vol. X, No. II. Studies in Indian Sugarcanes, No. 4. Tillering or Underground Branch* 
ing, by 0. A. Bakbek. g.i.s., 8c.d., f.l.s. Price, K. 4*4 or 7#. 

Vol. X, No. III. Studies in Indian Sugarcanes, No. 5. On testing the suitability of sugar* 
cane varieties for different localities, by a system of measurements. 
Periodicity in the growth of the sugarcane, by G. A. Baebeb, O.I.B., 
8c D., F.L.8. Price, li. 1-12 or St. 

Vol. X, No, IV. A Pythium Disease of Ginger, Tobacco and Papaya, by L. S. Svbkama- 
NIAM. Price, R. 1-8 or 2s. 6d. 

Vol. X, No. V. Studies in the Pollination of Indian Crops, 1, by A. Howard, Oabribllb 
L. 0. Howard, and Abdur Rahman Khan. Price, 11. 1-4 or 2s. 6d. 

Vol. X, No. VI. “ Kumpta ” Cotton and its Improvement, by G. L. Kottob, B. Ag. 
Price, R. 1 12 or 3s, 

Vol. XI, No. I. Some Aspects of the Indigo Industry in Bihar. Part I. The Wilt 
Disease of Indigo. Part It. The factors underlying the seed produc- ' 
tion and growth of Java Indigo, by Albert Howard, O.I.E., M.A., and 
OABRifCLLG L. C. Howard, m.a.. with the assistance of Chowdhary 
Ramoban Singh and MaolviAbdur Rahman Khan. Price. R. I *2 or 2s. 

Vol. XI, No. II. Studies in Diseases of the Jute Plant. (1) Diplodia CofohoHt Syd., by 
F. J. F. Shaw, d.sc., a.r.c.8., p.l,8. (In the press .) 


CHEMICAL SERIES 


Vol. V, No. IV. Cholam (A. Sorghum) as a Substitute for Barley in Malting Operations, by 
B. VI8WANATH, T. Laksbmana Row, B.A., and P. A. Raghunatha- 
8WAMI Ayyangar. Dip. Ag. Price, As. 12 or Is. 

Vol. V, No. V. The Phosphate Requirements of some Lower Burma Paddy Soils, by 
F. J. Wakth. M.8C., B.8C., and Maung Po Shin. Price, R. M2 or 3s. 3d. 

Vol. V, No. VI. Absorption of Lime by Soils, by F. J. Warth, m.bq., b.so., and Mahno 
P o Saw. Price, R. 1-2 or 2s. 

Vol. V, Nos. Vll & VIII. The Gases of Swamp Rice Soils, V -A Methane-oxidizing 
Bacterium from Rice Soils, by P. A. Subkahmanya Ayyar, b.a. ; and 
The Gases of Swamp Rice Soils, Vl^Oarbon Dioxide and Hydrogen in 
relation to Rice Soils, by W. H. Hakbibon, D.Sc. (In (hepress*) 

Vol. V, No* IX. The Retention of Soluble Phosphates in Oaloareoiis and Non-oaloareous 
Soils, by W. H. Harrison, d.sc., and Shbendba Lal Das, m.So. 
(In the press.) . zCF - A- m i 

^ es Hi iii ^ 

0^^-. f ^ H 'C . * 

J«.i2«Uc« SvsT* 9-fh- 

BNTOMOLOOICAL SBRIBS , x. . 

Vol. V, No. V. The Rice Leaf -hoppers (NephoUttix hipundatuSi Fabr* and Usphoteitix 
apicalit, Motach.), by 0. S. Miska, B.a. Price, R. M or St. 

Vol. V, No. VI. Lantana Insects in India. Being the Report of an Inquiry into the Effi* 
ciency of Indigenous Insect Pests as a Check on tbe Spread of 
Lantana in India, by Rao Sahib T. RamaoHaNDBA Rao, M*a„ F,B*a* 
Pries, R. 2-4 or 4f. M 

Vol. VI, Noa I*~IX. Life-histories of Indian Insects : Microlepidoptera, by T* BainbrigoE 
Fletcher, b.n., f.l.8., f.ib.b., f.b.8. (In %h$ press.) 

Vol. VII, Nos. 1 A 2. New Indian Gall Midges (Di^era), by E. P. Felt, asd Deseriptioii 
of a Rbinooyphine larva from Shillong, by Major F. G. F]lABaR.ijil<B» 
Price, Am. 12 or It. 6(1. 



BACTBRIOLOaiCAL SBRIB8 

Vol. I, No. VIII. Pebrine in India, by 0. M. Hcttohinsok. b.4. {In th» prets,) 

Vol. I»No« IX. Studies on the Root Nodule Oreanism of the Lefruminous Plants, by 
N. V. JosHl. M.SC., B.A., L.Ag. Frioo, R. 14 or 2r. 6d. 


Vol. Ill, No. 
Vol. HI. No. 


Vol. Iir, No. 


VETERINARY S6RIBS 

I. The Vitality of the Rinderpest Virus outside the Animal Body under 
Natural Oonditions, by A. W. Shilrtont. w.r O V.S. Price, As. 12 or Is. 
II. The Virulence of Tubercle Bacilli isolated from Bovine Lesions in India. 

by A. L. Shbather, b.so.. m.r c.v.s, (/« the press.) 

III. Bovine Lymphangitis, by A. L. Shbatmkr, b.sc., m.r.c y.s. {In the 
press,) 


BULLETINS ISSUED BY THE AQRICULTURAL RESEARCH 
INSTITUTE, PUSA 

No. 83. Progress of the Sugarcane Industry in India during the Years 1916 and 1917. Being 
Notes submitted to the Meeting of the Board of Agriculture in India, Poona, 1917. 
Edited, with an Introduction, by 0. A. Barber, c.i.e., bc.d., f.l.s. Price, As. 5 
or 6d. 

No. 84. The Best Means of Rapidly Increasing the Outturns of Food Crops by Methods 
within the Power of the Agricultural Department. Being Notes submitted to the 
Meeting of the Board of Agriculture in India, Poona, 1917. Edited, with an 
Introduction, by J. Mackbnna, o.l.E., l.c.8. Price, As. 4 or 6d. 

No. 85. Soil Drainage, by R. G. Allan, m.a. Price, As. 4 or 5d. 

No. 86. A New Nematode causing Parasitic Gastritis in Calves, by A. L. SHBATHER, B.sc., 
M.B.C.V.S. Price, As. 4 or 5d. 

No. 87. A Contribution to our Knowledge of South Indian Coccidse, by T. V. Ramaeribhna 
Atyar, B.A., F.B8., F.z.H. Price, As. 14 or D. M. 

No. 88. Cawn pore* American Cotton : An Account of Experiments in its Improvement by 
Pure Line Selection and of Field Trials, 1913-1917, by B. C. BURT, B.sc., and 
Nizamuddin Haider. Price. As. 10 or 1a, 

No. 89. Second Hundred Notes on Indian Insecte. Price, K. 14 or 2a. 

No. 90. A Malarial Parasite in the Blood of a Buffalo, by A. L. Shbather, b.sc., m r.c.v.s. 
Price, As. 6 or Id. 

No. 91. Notes on Practical Salt Land Reclamation, by G. S. Henderson, n.d.a., n.d.d. 
pi ice. As. 6. 

No. 92. Syngamus laryngeus in Cattle and Buffaloes in India, by A. Leslie Sueather, b.sc., 
M.R.C.V.N., and A. W. Shilston, m.r.c.v.8. Price, Ai. 6 

No. 93 The Orange : A Trial of Stocks at Peshawar, by W. Uobbrtson Brown. Price, 
As. 6 

No. 94. A Preliminary Note on the Behaviour in North India of the first batch of Sugarcane 
Seedlings distributed from the Sugarcane-breeding Station, Coimbatore, by T. S. 
VbnratraMAN, B.A. Price, As. 8. 

No. 95, A Note on the Treatment of Surra in Camels by Intr.i venous Injections of Tartar 
Emetic, by H. B. Cross, h.r c.vs., d.v.h., a. sc. Pi ice. As. 2. 

No, 96. A Summary of Experiments on Rice in Bihar and Orissa from 1912 to 1919, by G C, 
Sherrard, b.a. {In the press >) 

No. 97, UstUago Oramerit Koern. on Setaria italica, by S. Sundeuaraman, m.a. [In the 
press,) 

No. 98. The Course that Surra runs in Camels when Naturally Contracted and when Artifi 
cially Inoculated, by H. E. Cross, m.r.c.v.s., d.v.h,, a.sc. {In the press,) 

No. 99. The Course that Camel Surra runs in Ponies, Buffaloes and other Animals, by 
H. B. Cross, m.r.o,v.s., d.v.h., a sc. {in the press.) 

no "" L ' ji, . 


INDIQO PUBLICATIONS 

No* 1* A Study of the Indigo Soils of Bihar. The Urgent Necessity for Immediate Phos- 
phate Manuring if Crops are to be Maintained, by W. A. Davis, b.8c., 
A.O.O.I. Price, B. 14 or 2s, 



INDiao PUBLICATIONS (Oondi.) 


No# 2. Preidiit Position and Future Prospects of the Natural Indigo Industry, hy W. A. 
Davis, b.so., a.o.g.i. Price, As. 10 or 1«. 

No. 3* The Loss of Indigo caused by Bad Settling and the means of obviating this. 

The use of Dhak Oum^its Effect on Yield and Quality, by W. A. Davis, b«sc., 

A. O.G.I. Price, As. 4 or 5d« 

No. 4. The Future Prospects of the Natural Indigo Industry : The Effect of Siiperphos* 
phate Manuring on the Yield and Quality of the Indigo Plant, by W. A. Davis, 

B. SC., A.O.G.I. Price, As. 4 or 6d. 

No. 5. An Improved Method of preparing Indican from Indigo*yielding Plants, by Bhailal 
M. Amin, b.a. Price, As. 2 or Sd. , 

No. 6. The Effect of Manuring with Superphosphate and Sannai on the Yield of Crops on 
Indigo Planters* Estates in Bihar— especially of Rabi Crops in the Season 1918- 
1919, by W, A. Davis, b.8o., a.c.o.I. Price, As. 6. 

No. 7. The Conditions affecting the Quality of the Java Indigo Plant (Leaf yield and richness 
of the leaf in indigotin), by W. A. Davis, b.sc., a o.g.i. (7n the press.) 


BOOKS 

** Indian Insect Pests," by H. Maxwbll-Lbfrot, m.a., v.x.b., r.z.s. Price, R. 1-8 or2r. 
(Out of pHnf.) 

** Indian Insect Life,’* by H. Maxwbll-Lxfrov, m.a., r.i.8., F.Z.S. ; and F. M. Howlbtt, 
B.A, 786 pp. Price, R. 20 or 30i. (Out of print.) 

Wheat in India," by^ Albert Howard, m.a., a.r.O.b., f.l.8. ; and Gabrielli L, C. 
Howard, m.a. 288 pp. Price, R. 5 or 7s. 6d. 

** A Description of the Imperial Bacteriological Laboratory, Muktesar : Its Work and 
Products," by Major ,1. D. K. Holmes, m.a., d.bc., M.R.O.v.S. Price, As. 8 or 9d. 

” Agriculture in India," by Jambs Maokbnna, m.a., lo.s. Price, As. 4 or 5d. 

** Some Diseases of Cattle in India. A Handbook for Stock-owners." Price, As. 8 or 9d. 

** The Importance of Bacterial Action in Indigo Manufacture," by C. M. Hutchinson, b.a. 
Price, As. 2 or Sd. 

Report of the Proceedings of the Second Entomological Meeting, held at Pusa on the 
6th~12th February, 1917.” Price, R. S, 
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